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PROCESS FOR PRODUCING ELECTROPHOTOGRAPHIC 
PHOTOSENSITIVE MEMBER, AND ELECTROPHOTOGRAPHIC 
PHOTOSENSITIVE MEMBER AND ELECTROPHOTOGRAPHIC 
APPARATUS MAKING USE OF THE SAME 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a process for 
producing at a low cost an amorphous silicon 
electrophotographic photosensitive member which may 
reduce image defects, has high charging performance, 
can provide high density and can maintain good Image 
formation over a long period of time. This invention 
also relates to such an electrophotographic 
photosensitive member, and an electrophotographic 
apparatus having the same. 
Related Background Art 

Materials that form photoconductive layers in 
solid- state image pick-up devices or in 
electrophotographic light -receiving members in the 
field of image formation or in character readers are 
required to have properties as follows: They are 
highly sensitive, have a high SN ratio [photocurrent 
(Ip)/(Id)], have absorption spectra suited to 
spectral characteristics of electromagnetic waves to 
be radiated, have a high response to light, have the 
desired dark resistance and are harmless to human 



bodies when used; and also, ±n the solid-state image 
pick-up devices, the materials are required to have 
properties that enable remaining images to be easily 
processed in a prescribed time. In particular, in the 
case of electrophotographic photosensitive members of 
electrophotographic apparatus used as business 
machines in offices, the harmlessness in their use is 
an important point. 

Materials that attract notice from such 
viewpoints include amorphous silicon (hereinafter 
""^"Si") whose dangling bonds have been modified with 
monovalent elements such as hydrogen or halogen atoms, 
and its application to electrophotographic 
photosensitive members is disclosed in, e.g., 
Japanese Patent Application Laid-open No. 54-86341 
(corresponding to U.S. Patent No. 4,265,991). 

As processes by which electrophotographic 
photosensitive members comprised of a- Si are formed 
on conductive supports, many processes are known in 
the art. as exemplified by sputtering, a process in 
which source gases are decomposed by heat (thermal 
CVD), a process in which source gases are decomposed 
by light (photo-assisted CVD) and a process in which 
source gases are decomposed by plasma 

(plasma^assisted CVD). in particular, one having been 
put into practical use in a very advanced state at 
present is plasma -as sis ted CVD (chemical vapor 



deposition), i.e., a process In which source gases 
are decomposed by direct -current or high-frequency or 
microwave glow discharge to form deposited films on 
the conductive support . 

As layer structures of such deposited films, 
proposed are those constructed to have a surface 
layer" or an "upper- part blocking layer," having 
blocking power, which is further provided on the 
surface side, in addition to electrophotographic 
photosensitive members composed chiefly of a-Si and 
modification elements added appropriately, as 
conventionally done. 

For example, Japanese Patent Application 
Laid-open No- 08-15882 discloses an 

electrophotographic photosensitive member provided 
between a photoconductive layer and a surface layer 
with an intermediate layer (upper-part blocking 
layer) having carbon atoms in a smaller content than 
the surface layer and incorporated with atoms capable 
of controlling conductivity. 

After a copy has been taken in an 
electrophotographic apparatus, toner remains partly 
on the periphery of the photosensitive member, and 
hence such residual toner must be removed. Such 
residual toner is commonly removed by means of a 
cleaning step making use of a cleaning blade, a fur 
brush or a magnet brush. 



Meanwhile^ conventional processes for forming 
electrophotographic photosensitive members have made 
it possible to obtain electrophotographic 
photosensitive members having characteristics and 
unifoxTOity which are practical to a certain extent. 
Strict cleaning of the interiors of vacu\im reactors 
also makes it possible to obtain electrophotographic 
photosensitive members having less defects to a 
certain extent • However, such conventional processes 
for producing electrophotographic photosensitive 
members have had such a problem that, regarding 
products in which large-area and relatively thick 
deposited films are required as in 

electrophotographic photosensitive members, it is 
difficult to obtain in a high yield deposited films 
that have uniform film quality, can meet requirements 
on various optical and electrical properties and also 
may lessen image defects when images are formed by an 
electrophotographic process. 

In particular, a-Si films have a disposition 
that, where any dust in the order of micrometers have 
adhered to the substrate surface, the films may 
undergo abnormal growth on the dust serving as nuclei 
during film formation, i,e-, the growth of "spherical 
protuberances . " Such spherical protuberances have the 
shape of a reversed cone whose vertex starts from the 
dust, and have a disposition that they lower 



electrical resistance because there are a great many 
localized levels at the boundaries between a normal 
deposited portion and spherical protuberant portions, 
and make the acquired electric charges pass through 
the boundaries toward the substrate side. Hence, some 
part of the spherical protuberances appears in the 
form of white dots in solid black images on images 
formed (in the case of reverse development, appears 
in the form of black dots in solid white images). 
This image defect called "dots" is subjected to 
severer standards year by year, and images are 
treated as being poor in some cases even when only 
few dots are present in an A3-size sheet, depending 
on their size. Moreover, where electrophotographic 
photosensitive members aire set in color copying 
machines, the standards come much severer, and images 
are treated as being poor in some cases even when 
only one dot is present in an A3-size sheet. 

Such spherical protuberances start from the dust, 
and hence substrates to be used are strictly cleaned 
before films are formed thereon, where the steps of 
setting the substrates in a film formation apparatus 
are all operated in a clean room or in vacuiim* In 
this way, efforts have been made so as to lessen as 
far as possible the dust which may adhere to the 
substrate surface before the film formation is 
started, and the desired effects have been obtained. 



However, the cause of the occurrence of spherical 
protuberances ±s not only the dust having adhered to 
the substrate surface. That is, where a-Si 
electrophotographic photosensitive members are 
produced, the layer thickness required is as large as 
several micrometers to tens of micrometers, and hence 
the film formation time reaches several hours to tens 
of hours- During such film fonnation, the a-Si 
becomes deposited not only on the substrates, but 
also on walls of the film- forming chamber and on 
structures inside the film-forming chamber. These 
chamber walls and structures do not have any surfaces 
that have been controlled like the substrates- Hence, 
they may have weakly adhered to cause film come-off 
(or film peel -off) in some cases during film 
formation carried out over a long time. Once even any 
slight film has come off during film formation, it 
causes dust, and the dust adheres to the surfaces of 
photosensitive members under deposition, so that, 
starting from the dust, the abnormal growth of 
spherical protuberances takes place inevitably. 
Accordingly, in order to maintain a high yield, 
careful management is required not only on the 
management of substrates before film formation but 
also on the prevention of film come-off in the 
film-forming chamber during the film formation. This 
has made it difficult to produce the a- Si 



photosensitive members. 

It is known, as disclosed In Japanese Patent 
Applications Laid-open No. 11-133640 and No. 
11-133641 (corresponding to U.S. Patent No. 
6,001,521), ttiat it is effective to use an amorphous 
carbon layer containing hydrogen (hereinafter 
referred to as ''a-C:H film'). This a-CsH film, as it 
is also called diamond-like carbon (dlC), has a very 
high hardness. Hence, it can prevent scratches and 
wear and at the same time has a peculiar solid 
lubricity. 

In practice, it has been ascertained that the 
use of the a-C;H film at the outermost surface of the 
photosensitive member enables filming to be 
effectively prevented in various environments. 

However, in the process of producing 
electrophotographic photosensitive members making use 
of this a-C:H film as a surface layer, there has been 
a problem in production steps. Usually, in forming 
deposited films by using high-frequency plasma, 
by-products (polysilane) generated during 
deposited-f ilm formation are removed by dry etching 
after the deposited--f ilm formation has been completed, 
and the inside of the reactor is cleaned. However, 
the time for etching treatment after continuous 
formation of light-sensitive layers up to surface 
layers (a-C:H) is longer than the time for continuous 



formation of light-sensitive layers up to 
conventional surface layers (a-SiC) . This is due to 
the fact that the a-C:H can be etched with great 
difficulty, and has been one of factors in bringing 
about a rise in production costs* 

In addition, there is a case where residues of 
a-C:H films remains thin after the etching treatment, 
and this may cause image defects in the next 
deposited film formation. 

Meanwhile, in electrophotographic apparatus, 
depending on the surface state of an a-Si 
photosensitive member, any damage of a cleaning blade 
that are caused by surface roughness, the above 
spherical protuberances or the like or too good 
slipperiness between the photosensitive member and 
the cleaning blade at the initial stage of service 
may cause faulty cleaning such as slip-through of 
developer (toner) to cause black lines on Images. 

To cope with such a difficulty, blade materials, 
contact pressure, developer composition and so forth 
may carefully be selected corresponding to the 
surface state of the photosensitive member. For 
example, the contact pressure of the cleaning blade 
at the Initial stage is set a little high, and is 
thereafter made lower little by little. Such measure 
can lessen the difficulty to a certain extent. 
However, during the use of the electrophotographic 
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apparatus over a long period o£ time, maintenance 
must be made in a large number of times in order to 
improve the quality of images, and further the 
maintenance may come complicated. Hence « the 
5 efficiency of operating the electrographic apparatus 
can not sufficiently be improved, bringing about an 
additional difficulty such as enlargement in the 
number of component parts in some cases* 

Depending on the surface state of the 

10 photosensitive member and the state thereof with 

respect to the cleaning blade, during the use of the 
electrophotographic apparatus over a long period of 
time, the cleaning blade may gradually be turned up 
as the photosensitive member is rotated, to become 

15 unable to remove the toner sufficiently by cleaning. 

With regard to processes for producing a-Si 
photosensitive members, plasma-assisted CVD carried 
out at VHP band frequency malces it possible to 
improve the film deposition rate more vastly than any 

20 cases making use of RF bands « However, with regard to 
surface properties, depending on production 
conditions, the surface state may come coarser on the 
level of a microscopic visual field (in the order of 
submicrons) than the surfaces of photosensitive 

25 members produced using RF bands. Hence, the 

photosensitive members produced using VHF bands may 
tend to cause damage of the cleaning blade or cause 
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faulty cleaning such as slip- through of toner, 
bringing about a narrow latitude for coping with 
difficulties in some cases. 

Especially in recent years, the advancement of 
digitization of electrophotographic apparatus has 
raised the level of a demand for image quality, and 
has reached a situation such that image defects in 
the extent that has been tolerated in conventional 
analogue type apparatus must be questioned. 

Accordingly, any effective measures to remove 
the factors of image defects are desired* 

SUMMARY OP THE INVENTION 

An object of the present invention is to provide 
a process for producing an electrophotographic 
photosensitive member which can reduce image defects, 
can promise high image quality and is easy to handle, 
which process can solve such various problems in 
conventional electrophotographic photosensitive 
members without sacrificing any electrical properties 
and can produce electrophotographic photosensitive 
members at a low cost, stably and in a good yield, 
and to provide such an electrophotographic 
photosensitive member and an electrophotographic 
apparatus having the same. 

Stated specifically, the present invention 
provides a process for producing an 
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electrophotographic photosensitive member having a 
layer formed o£ a non- single -crystal material; the 
process comprising the steps of: 

as a first step^ placing a cylindrical substrate 
In a first f ilm-f oxming chamber having an evacuation 
means and a source gas feed means and capable of 
being made vacuum - air t ight , and decomposing at least 
a source gas by means of a high-frequency power to 
deposit on the substrate a first layer formed of at 
least a non-single-crystal material; 

as a second step, moving to a second 
f ilm-f orrolng chamber the cylindrical substrate on 
which the first layer has been deposited; and 

as a third step, decomposing a source gas by 
means of a high-frequency power in the second 
film- forming chamber to deposit on the first layer a 
second layer comprising an upper-part blocking layer 
formed of at least a non -s ingle -cirystal material. 

The present invention also provides such an 
electrophotographic photosensitive member, and an 
electrophotographic apparatus having the same. 

In the first step, a plasma- assisted CVD system 
having employed a VHP band (VHP-PCVD process) may be 
employed, which has a high deposition rate and 
ensures superior film quality uniformity. In the 
third step, a plasma -as sis ted CVD system having 
employed an RP band (RF-PCVD process) may be employed. 
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which has low deposition rate and ensures good 
adherence (or adhesion). This is preferable from the 
viewpoints of both image defect reduction and 
photosensitive member performance* 

In the second step, the substrate on which the 
first layer has been deposited may first be taken out 
of the film-forming chamber into the atmosphere. It 
is also preferable to provide a step in which the 
surface of the substrate on which the first layer has 
been deposited is subjected to working such as 
polishing* In addition, the preset temperature for 
the substrate having a surface with conductivity may 
be made different between the second step and the 
third step^ during which the substrate on which the 
first layer has been deposited may further preferably 
be put to inspection. Stated specifically, such 
inspection includes Inspection of external appearance, 
inspection of Images, inspection of potential, and so 
forth. After the Inspection, the substrate may 
further be subjected to cleaning with water, whereby 
the adherence in forming the subsequent upper-part 
blocking layer can be dLmproved, bringing a very broad 
latitude for film come-off- 

In the present invention, on the upper-part 
blocking layer, a non- single -crystal carbon film may 
further be deposited as the outermost surface layer • 
This enables images with a much higher level to be 
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£omied . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig^ 1 is a diagrainniat:±c sectional view showing 
an example of spherical protuberances of an 
electrophotographic photosensitive member. 

^ig- 2 is a diagrammatic sectional view showing 
an example of a spherical protuberance of the 
electrophotographic photosensitive member of the 
present invention . 

Fig, 3 is a diagrammatic sectional view showing 
an example of spherical protuberances of the 
electrophotographic photosensitive member of the 
present invention^ the surface of which has been 
polished in the second step* 

Fig. 4 is a diagrammatic sectional view showing 
an example of the electrophotographic photosensitive 
member of the present invention. 

Fig. 5 is a diagrammatic sectional view of an 
a-Si photosensitive member film-forming apparatus 
making use of RF. 

Fig. 6 is a diagrammatic sectional view of an 
a-Si photosensitive member film-forming apparatus 
making use of VHF. 

Fig. 7 is a diagraimtiatic sectional view of a 
surface-polishing apparatus used in the present 
invention. 
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Pig, 8 is a diagrammatic sectional view of a 
water washing system used in the present invention. 

Fig. 9 is a diagrammatic sectional view showing 
an example of an electrophotographic apparatus making 
use of a corona charging system. 

Figs* lOA, lOB and IOC are diagrammatic 
sectional views for describing how the photosensitive 
member surface is worked. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As discussed previously, conventional processes 
for forming electrophotographic photosensitive 
members have made it possible to obtain 
electrophotographic photosensitive members having 
characteristics and xiniformity which are practical to 
a certain extent. Strict cleaning of the interiors of 
vacuum reactors also makes it possible to obtain 
electrophotographic photosensitive members having 
less defects to a certain extent. However^ such 
conventional processes for producing 

electrophotographic photosensitive members have had a 
problem that, regarding products in which large-area 
and relatively thick deposited films are required as 
in electrophotographic photosensitive members, it is 

icult to obtain in a high yield deposited films 
that have uniform film quality, can meet requirements 
for various optical and electrical properties and 
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also may lessen Image defects when Images are formed 
by an electxophotographic process . 

In particular, a-Si films have a disposition 
that, where any dust In the order of micrometers have 
adhered to the substrate siorface^ the films may be 
grown abnormally on the dust serving as nuclei during 
film formation, i.e., the growth of "spherical 
protuberances • " Such spherical protuberances have the 
shape of a reversed cone whose vertex starts from the 
dust, and have a disposition that they lower 
electrical resistance because there are a great many 
localized levels at the boundaries between a normal 
deposited portion and spherical protuberant portions, 
and make the acquired electric charges pass through 
the boundaries toward the substrate side. Hence, some 
parts of the spherical protuberances appear in the 
form of white dots in solid black images on images 
formed (in the case of reverse development, appear in 
the form of black dots in solid white images). This 
image defect called "dots*^ is subjected to severer 
standards year by year, and images are treated as 
being poor in some cases even when only few dots are 
present iii an A3-size sheet, depending on their size. 
Moreover, where electrophotographic photosensitive 
members are set in color copying machines, the 
standards come much severer, and Images are treated 
as being poor in some cases even when only one dot is 



present In an A3-slze sheet. 

Such spherical protuberances start from the dust, 
and hence substrates or supports to be used are 
strictly cleaned before films are formed thereon, 
where the steps of setting the supports in a film 
formation apparatus are all operated in a clean room 
or in vacuum. In this way, efforts have been made so 
as to lessen as far as possible the dust which may 
adhere to the support surface before the film 
formation is started, and the desired effects have 
been obtained. However, the cause of the occurrence 
of spherical protuberances is not only the dust 
having adhered to the support surface. That is, where 
a- Si electrophotographic photosensitive members are 
produced, the layer thickness required is as very 
large as several micrometers to tens of micrometers, 
and hence the film foirmation time reaches several 
hours to tens of hours. During such film formation, 
the a-Si becomes deposited not only on the supports, 
but also on walls of the film-- forming chamber and on 
structures inside the film- forming chamber. These 
chamber walls and structures do not have any surfaces 
that have been controlled like the supports. Hence, 
they may have weakly adhered to cause film come-off 
in some cases during film formation carried out over 
a long time. Once even any slight film has come off 
during film formation, it results in dust, and the 



dust adheres to the surfaces of photosensitive 
members under deposition, so that, starting from the 
dust, the abnormal growth of spherical protuberances 
takes place inevitably. Accordingly, in order to 
maintain a high yield, careful management is required 
not only for the management of supports before film 
formation but also for the prevention of film 
come-off in the film -forming chamber during the film 
formation. This has made it difficult to produce the 
a-Si photosensitive members. 

The present inventors have made studies to find 
a remedy for image defects coming from the spherical 
protuberances in the photosensitive members formed of 
a non-single-crystal material, in particular, the 
a-Si photosensitive members » In particular, they have 
made every effort to find how to prevent image 
defects due to the spherical protuberances caused by 
film come-off from walls of the film-forming chamber 
and from structures inside the film- forming chamber 
on the way of film formation. 

As stated above, the reason why the spherical 
protuberances appear as image defects lilce dots is 
that there are many localized levels at the 
boundaries between a normal deposited portion and 
spherical protuberant portions, which results in 
low-resistance, and the acquired electric charges 
pass through the boundaries toward the substrate side. 
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However, tlie spherical protuberances caused by the 
dust having adhered in the course of film foiroation 
grow not from the substrate or support but from a 
midpoint of the deposited film. Hence, if a blocking 
layer is provided on the surface side to prevent the 
acquired electric charges from being injected, there 
is a possibility that the spherical protuberances do 
not come into image defects even if they are present. 

Accordingly / the present inventors have made an 
experiment where film formation conditions under 
which the spherical protuberances grow from a 
midpoint of a deposited film are picked out and an 
upper -part blocking layer is provided on the surface 
of the deposited film formed on a substrate under 
such conditions. However^ unexpectedly, it has been 
found that the upper-part blocking layer can not 
prevent electric charges from being injected from the 
spherical protuberances, to cause image defects. 

To examine the cause of this, cross sections of 
the spherical protuberances have been skived to 
observe them in detail by SEM (scanning electron 
microscopy) . It is shown in Fig. 1 what the observed 
state is. In Fig. 1, reference numeral 101 denotes a 
conductive substrate; 102, a normal deposited portion 
of a first layer; 103, a spherical protuberance; 104, 
dust having adhered during film formation; 105, an 
upper-part blocking layer as a second layer; and 106, 
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a boundary between the spherical protuberant portion 
and the normal deposited portion. As can be seen from 
Fig. 1, the spherical protuberance 103 has grown from 
a midpoint of the normal deposited portion, starting 
from the dust 104, and the boundary 106 is present 
between the spherical protuberant portion and the 
normal deposited portion. The acquired electric 
charges pass through this boundary toward the 
substrate side, and hence this may cause dots on 
images. Even though the upper-part blocking layer 105 
is deposited on this spherical protuberance 103, the 
boundary 106 has formed also at the upper -part 
blocking layer 105 because the upper-part blocking 
layer 105 has been deposited maintaining the growth 
pattern of the spherical protuberance 103 having 
grown until then. As the result, the electric charges 
pass through this boundary, so that the function 
required for the upper-part blocking layer is lost. 

Accordingly, the present inventors made 
extensive researches on how to prevent the boundary 
106 from growing when the upper-part blocking layer 
105 is deposited. As the result, they have discovered 
that the growth of this boundary 106 can be prevented 
by carrying out deposition in different ways in film 
formation between the deposition of the first layer 
and the deposition of the second layer. 

More specifically, before the second-layer 
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upper-part blocking layer is formed , the substrate 
witb the first layer having been deposited thereon is 
first taken out of a first film- forming chamber and 
then anew moved to a second film- forming chamber, and 
thereafter the upper-part blocking layer is deposited, 
whereby this boundary can be prevented from growing • 
In particular, it has been found preferable that a 
high-vacuum type film formation process such as a 
VHF-PCVD process is employed in the first 
film -forming chamber and a low- rate type film 
formation process such as an RF-PCVD process is 
employed in the second film- forming chamber. 

To examine this situation, cross sections of the 
spherical protuberances have been skived again to 
obseirve the cross sections by SEM (scanning electron 
microscopy). The result is shown in Fig, 2. Like the 
former case, a spherical protuberance 203 has begun 
to grow from dust 204 having adhered to the normal 
deposited portion of a first layer 202 in the course 
of film formation* However, what differs in the 
photosensitive member in this case is that, when an 
upper-part blocking layer 205 is deposited, the 
boundary portion 206 is broken off from the boundary 
portion of a spherical protuberance 103 having grown 
until then. More specifically, it is assumed that the 
first layer 202 is formed in the first film-forming 
chamber employing the VHP-PCVD process, the substrate 



with the first layer having been thus formed is first 
taken out of the first film- forming chamber and 
thereafter moved to a second film- forming chamber 
employing the RF-PCVD process, and then the 
upper-part blocking layer 205 is formed, where the 
grown surface has come discontinuous. As the result, 
the boundary between the low- resistance spherical 
protuberant portion 203 and the normal deposited 
portion has been sealed with the upper-part blocking 
layer 205, so that the acquired electric charges can 
not easily pass through that boundaiy and the image 
defects can be kept from occurring. 

Details of what changes occur at the surface of 
the first layer 202 are unclear at present, and it is 
presumed as follows : A difference in electron 
temperature is made because the film formation 
pressure differs greatly between the high-vacuum film 
formation process such as a VHP-PCVD process and the 
low-rate film formation process such as an RF^PCVD 
process. Hence, a difference in growth mechanism of 
deposited films is made, and consequently the 
boundary 106 can be kept from growing. In particular, 
it is assumed that since the low-rate film formation 
is carried out in the RF-PCVD process, the film 
coverage is improved and the deposited film is formed 
also at the part tending to be in shadow, such as the 
boundary at the protuberant portion, and hence the 



image defects can be kept from occurring. 

It has further been foiind that, in: order to 
prevent the electric charges from slipping through 
the spherical protuberance 203, it is effective to 
polish the tip portion of the spherical protuberance 
203 to maXe it flat, after the first layer 202 has 
been foormed- 

Fig. 3 shows an example of an 
electrophotographic photosensitive member in which ^ 
after the first layer 302 has been formeid, the tip 
portion (or raised portion) of a spherical 
protuberance 303 is polished and flattened to form 
discontinuous layer-forming interfaces. The spherical 
protuberance 303 has begun to grow from fiust 304 
having adhered to the normal deposited pbrtion of a 
first layer 302 in the course of film formation. 
However, before the upper-part blocking layer 305 is 
deposited, the tip portion of the spherical 
protuberance 303 is polished by a polishing means to 
make it flat. Hence, the upper-part blocking layer 
305 formed thereafter does not take over: any boundary 
portion 306 at all, and is uniformly deposited on the 
surface having been made flat. Thus, the boundary 306 
between the spherical protuberance 303 and the normal 
deposited portion of the first layer 302 1 is more 
completely sealed when the layer-formingi interfaces 
are made flat by means of a polishing means so that 
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the layer -forming Interfaces may come to be clear 
discontinuous interfaces and thereafter the 
upper-part blocking layer 305 is deposited. Hence, 
the acquired electric charges can more difficultly 
pass through that boundary and the Image defects can 
more effectively be kept from occurring. 

The present invention is equally effective in 
both of positively chargeable photosensitive members 
and negatively chargeable photosensitive members. 
However, the slip -through of electric charges that is 
due to the spherical protuberances may more 
remarkably occur in negatively chargeable 
photosensitive members, and hence even relatively 
small spherical protuberances have a great influence. 
Thus, the present invention is effective especially 
in the negatively chargeable photosensitive members. 

It has still further been found that the 
adherence of the film on which the second layer has 
been deposited can sufficiently be improved when the 
surface of the first -layer deposited film is worked 
into a surface state that its arithmetic mean 
roughness (Ra) measured in a visual field of 10 ^m X 
10 ^m is 25 nm or less* 

The present Inventors have made extensive 
researches on the mechanism of causing slip- through 
of toners also in regard to faulty cleaning in 
electrophotographic apparatus . 
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Conventionally, as to the surfaces of a- Si 
photosensitive members, only abnormal growth defects 
have been polished away by means of a polishing 
apparatus to make them flat. As the result, at the 
surfaces of a-Si photosensitive members, fine 
roughness has remained without being made flat. If a 
photosensitive member having such a surface state is 
set in an electrophotographic apparatus, its cleaning 
blade may be too slippery because of such fine 
roughness at the initial stage where it begins to be 
used, and hence a developer may slip through to cause 
faulty cleaning. Accordingly, it is considered that 
the faulty cleaning is caused by slip-through of a 
developer such as a toner, because the photosensitive 
member has so large surface roughness as to provide 
too good slipperiness between the cleaning blade and 
the photosensitive member. 

Then, on the basis of such consideration, it has 
been made possible to prevent the faulty cleaning 
from occurring, by working the surface of the first 
layer into a surface state that its arithmetic mean 
roughness (Ra) measured in a visual field of 10 |im X 
10 [ua is 25 nm or less. 

The working into the above surface state also 
enables the influence of reflection resulting from 
such a surface state to be prevented even in a system 
making use of coherent light, so that interference 
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fringes can be kept from occurring. 

In studying the a-Si photosensitive members 
malclng use of the a-CrH film in the surface layer, 
the present Inventors have also become aware of the 
fact that it takes a longer time than conventional 
cases to perform cleaning of the interior of a 
reactor after the photosensitive members have been 
produced . 

To solve such a problem, the present inventors 
performed extensive studies- For example, the 
improvement of etching conditions such as a 
concentration or type of etching gas and power to be 
applied have made it possible to shorten the time to 
a certain extent, but any techniques have not been 
made available which satisfactorily correspond with 
their costs • 

Accordingly, the present inventors have changed 
the idea that the a -Si photosensitive layer and up to 
the a-C:H surface layer are formed in the same 
reactor, and have contrived a process in which a 
first layer is formed in a first reactor, then a 
second layer except for the a-CiH surface layer is 
formed in a second reactor, and thereafter the 
substrate on which the first and second layers have 
been formed (unfinished photosensitive member) is 
moved to a third reactor, where the a-CsH surface 
layer is formed. The first and second reactors are 



subjected to dry etching after the unfinished 
photosensitive member has been moved to the third 
reactor. Any a-C:H film is not formed in the first 
and second reactors and only Si type products are 
formed therein, and hence the time for etching 
treatment can vastly be shortened. In the meantime, 
only the a-C:H film is formed in the third reactor. 

In forming the a-CsH film, any Si type source 
gas is not used, and hence polysilane is not 
generated when, e.g., a photoconductive layer is 
formed. Therefore, the a-C:H film forming third 
reactor need not be cleaned each time, and may be 
used without cleaning over certain cycles. This has 
proved to be a factor by which the total apparatus 
operating efficiency is improved and the production 
cost is cut down. 

The a-C:H film deposition time is also very 
shorter than the first -layer deposited film formation 
time. Hence, this makes it possible to use a system 
in which a plurality of deposited- film-forming first 
reactors (for forming photoconductive layers) are 
disposed in respect to one set of the third reactor 
for forming the a-C:H film. On the unfinished 
photosensitive members having layers up to the first 
layers formed in the plurality of first reactors, the 
a-C:H surface layers may successively be formed in 
the third reactor. This enables the niimber of the 



second reactors to be reduced without wasting cycles, 
and hence is effective in improving investment 
efficiency* The time for forming the second layer 
except for the a-C.-H surface layer is shorter than 
that for the first layer, and polysilane may be 
generated in a small quantity • Hence, the etching 
time can also be short. Occupation time is shorter 
than that for the first layer, but is longer than 
that for the a-C:H surface layer. Hence, the system 
construction may appropriately be determined in 
accordance with the manufacturing scale. 

It has further been found that, in addition to 
the above etching treatment time, there is a 
difference in the state of cleaning when the etching 
condition of the reactor in which layers up to the 
^"Si photosensitive layer have been formed is 
compared with a case in which the photosensitive 
layer and up to the a-C:H surface layer have been 
formed in the same reactor. 

Since the a-C:H film can be etched with great 
difficulty, residues of the a-CiH film may also 
partly remain after the etching when films are formed 
up to the a-C:H surface layer in the same reactor, 
and may soil the interior of the reactor with 
repeated production cycles to come to the cause of 
image defects in electrophotographic photosensitive 
members . 
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On the other hand, in the construction of the 
present invention^ the interior of the first reactor 
is kept very clean after the etching, and the image 
defects may occur only at a very low probability, 
bringing an improvement in percentage of conforming 
articles . 

Forming the a-C:H film surface layer in another 
reactor also brings the following secondary effects. 

In order to obtain an a-CsH film having a 
sufficiently good quality as the photosensitive 
member surface layer as described above, it is known 
to require sufficient high-frequency energy. 
Deposited films in a polymer state may be formed 
unless source hydrocarbon gases are decomposed under 
application of sufficient energy in respect to their 
flow rates. Hence, the a-C:H surface layer must be 
formed under conditions having a higher 
high-frequency power than the conditions under which 
the a-Si film is formed. 

In particular, the a-CsH film tends to be 
affected by plasma conditions to cause non -uniformity 
in hardness and layer thickness distribution. However, 
the construction of reactors optimized for forming 
a-C:H films has not necessarily been optimum for 
forming a-C:H films. Where different reactors are 
used for forming the a-Si film and for forming the 
a-CsH film as in the present invention, reactors 
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having optimum construction for each reactor can be 
used. This makes it possible to obtain 
electrophotographic photosensitive members having 
higher performance . 

As stated previously, the present inventors have 
made extensive researches on the mechanism of causing 
slip -through of toners also in regard to faulty 
cleaning in electrophotographic apparatus. 

Firsts the surface of an a-Si photosensitive 
member produced has a sectional structure as shown in 
Fig. lOA. Conventionally, as to the surface of the 
a- Si photosensitive members, only abnormal growth 
defects have been polished away by means of a 
polishing apparatus to make them flat. As the result, 
as shown in Fig. lOB, at the surface of the a- Si 
photosensitive member, fine roughness has remained 
without being made flat- If the photosensitive member 
having such a surface state is disposed in an 
electrophotographic apparatus, the cleaning blade may 
be too slippery because of such fine roughness at the 
initial stage where it begins to be used, and hence a 
developer may slip through to cause faulty cleaning. 
Accordingly, it is considered that the faulty 
cleaning is caused by slip- through of a developer 
such as a toner, because the photosensitive member 
has so large surface roughness as to provide too good 
slipperlness between the cleaning blade and the 
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photosensitive member . 

Then, on the basis of such consideration, as 
shovm in Fig. IOC, the surface of the first layer is 
worked into a surface state that the arithmetic mean 
5 roughness (Ra) measured in a visual field of 10 (im X 
10 yxm is 25 nm or less* This has made it possible to 
prevent the faulty cleaning from occurring. 

The working into the above surface state also 
enables any influence by reflection coming from such 
10 surface state to be prevented even in a system making 
use of coherent light, so that interference fringes 
can be kept from occurring. As the result of the 
foregoing, it has been made possible to maintain 
images with a better quality level over a long period 
15 of time. 

The present invention is described below in 
greater detail with reference to the accompanying 
drawings as needed. 

- a- Si Photosensitive member according to the 
20 present invention: 

Pig. 4 shows an example of layer construction of 
the electrophotographic photosensitive member 
according to the present invention. 

The electrophotographic photosensitive member of 
25 the present invention has a substrate 401 made of a 
conductive material as exemplified by aluminum or 
stainless steel, on which. In a first step, a first 
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iayer 402 ±s deposited ±n a first film-forming 
Chamber, then, in a second step, the substrate on 
which the first layer has been deposited is taken out 
of the first film-forming chamber and moved to a 
second film-forming chamber, and, in a third step, a 
second layer 403 comprising an upper-part bloclcing 
layer 406 is supezposed on the first layer 402 in the 
second film-forming chamber. When producing the 
electrophotographic photosensitive member in this way. 
the upper-part blocking layer 406 can be so deposited 
as to cover a spherical protuberance 408 having grown 
from an inner portion of the first layer 402. Thus, 
even though the spherical protuberance 408 is present, 
it does not appear on images, making it possible to 
keep good image quality, in the present invention, 
the first layer 402 includes a photoconductive layer 

405. As a material for the photoconductive layer 405, 
a-Si is used. Also, as the upper-part blocking layer 

406, a layer composed chiefly of a-Si and optionally 
containing carbon, nitrogen and oxygen is used. 

The upper- part blocking layer 406 may be 
incorporated with an element belonging to Group 13 or 
Group 15 of the periodic table, selected as a dopant. 
This is preferable in view of an improvement in 
charge characteristics, and also enables charge 
polarity to be controlled. 

Incidentally, in the first layer 402, a 
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lower-part blocking layer 404 may optionally be 
provided. Where the lower -part blocking layer 404 Is 
provided and Is Incorporated with an element 
belonging to Group 13 or Group 15 of the periodic 
table, selected as a dopant, such a layer also 
enables control of charge polarity such as positive 
charge or negative charge, to be controlled. 

The Group 13 element serving as the dopant may 
specifically Include boron (B), alumin\»n (Al), 
galllxam (Ga), indium (In) and thallium (Tl) . In 
particular, B and Al are preferred. The Group 15 
element may specifically Include phosphorus ( P ) , 
arsenic (As), antimony (Sb) and bismuth (Bi). in 
particular, P Is preferred* 

In the second layer 403, a surface layer 407 may 
also optionally be provided on the upper-part 
blocking layer 406. As the surface layer 407, a layer 
composed chiefly of a- Si and optionally containing at 
least one of carbon, nitrogen and oxygen relatively 
in a large quantity is used. This layer can improve 
environmental resistance, wear resistance and scratch 
resistance. The use of a surface layer formed of a 
non- single-crystal material composed chiefly of 
carbon atoms also enables wear resistance and scratch 
resistance to be Improved. 

Besides, at least a first region of the 
photoconductlve layer 405 may be deposited as the 
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first layer 402, and at least a second region of the 
photoconductive layer 405 and the upper-part blocking 
layer 406 may be deposited as the second layer 403. 

- Shape and material of substrate according to 
the present invention: 

The substrate 401 may have any desired shapes 
according to how the electrophotographic 
photosensitive member is driven. For example, it may 
be in the shape of a cylinder or a sheetlike endless 
belt, having a smooth surface or uneven surface. Its 
thickness may appropriately be determined so that the 
electrophotographic photosensitive member can be 
formed as desired, vmere a flexibility is required as 
electrophotographic photosensitive members, the 
15 substrate may be made as thin as possible as long as 
it can sufficiently function as a cylinder. In view 
of production and handling and from the viewpoint of 
mechanical strength, however, the cylinder may 
preferably have a wall thickness of 10 or more in 
20 usual cases. 

As materials for the substrate, conductive 
materials such as alximintun and stainless steel as 
mentioned above are commonly used. Also usable are, 
e.g. , materials having no conductivity, such as 
25 various types of plastic and glass, but provided with 
conductivity by vacuum deposition or the like of a 
conductive material on their surfaces at least on the 
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side where the photoconductive layer- is formed. 

The conductive material may Include, besides the 
foregoing, metals such as Cr, Mo, Au, In, Nb, Te, V, 
Tl, Pt, Pd and Fe, and alloys of any of these. 

The plastic may Include films or sheets of 
polyester, polyethylene, polycarbonate, cellulose 
acetate, polypropylene, polyvinyl chloride, 
polystyrene or polyamlde. 

- First layer according to the present 
invention i 

The first layer 402 in the present invention is 
constituted of a non-single-crystal material composed 
chiefly of silicon atoms and further containing 
hydrogen atoms and/or halogen atoms (hereinafter 
referred to as "a"Si(H,X) " ) , 

The a-Si(H,X) film may be formed by 
plasma-assisted CVD, sputtering or ion plating. Films 
prepared by the plasma-assisted CVD are preferred 
because films having especially high quality can be 
obtained. 

In particular, the first layer 402 is required 
to have the largest layer thickness in the 
electrophotographic photosensitive member and is also 
required to have a uniform film quality- Hence, 
plasma-assisted CVD making use of a VHF band is 
preferably used, which can form plasma in high vacuum. 

As materials for the a-Si(H,X) film, gaseous or 
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gaslflable silicon hydrides (silanes) such as SlH^ 
SI3H6, SlaHs and SI4H10 may be used as source gases, any 
of which may be decomposed by means of a 
high-frequency power to form the film. In view of 
readiness of handling and Si-feeding efficiency at 
the time of layer foxroation, SiH* and SiaHs are 
preferred . 

The substrate temperature may preferably be kept 
at a temperature of approximately from ZOO'C to 450°C, 
and more preferably from aso^C to SSO'C, in view of 
characteristics. This is to accelerate the surface 
reaction at the substrate surface to effect 
structural relaxation sufficiently. 

The pressure inside the film- forming chamber 
(reactor) may appropriately be selected within an 
optimum range In accordance with layer designing, in 
usual cases. It may be set at from 1 X lo"^ Pa to 1 x 
10' Pa, and preferably from 5 X lo"* Pa to 5 X lo' Pa, 
and most preferably from 1 X lo"^ Pa to 1 X 10* Pa. 

m any of these gases, a gas containing or 
halogen atoms may further be mixed in a desired 
quantity to form the film. This is preferred in order 
to improve characteristics. Source gases effective 
for feeding halogen atoms may include fluorine gas 
(Pj) and interhalogen compounds such as BrP, GIF, CIF3, 
BrFa, BrFs, IP5 and IF7. It may also Include silicon 
ccmipounds containing halogen atoms, what is called 



silane derivatives substituted with halogen atoms, 
specifically including silicon fluorides such as SiF4 
and SI2F6, as preferred ones. Also, any of these 
source gases for feeding halogen atoms may optionally 
be diluted with gas such as H2, He. Ar or Ne when used. 

There are no particular limitations on the layer 
thickness of the first layer 402. It may suitably be 
from about 15 |4m to 50 ^m taking account of 
production cost and so forth. 

The first layer 402 may also be formed in 
multiple layer construction in order to Improve 
characteristics. For example, photosensitivity and 
charge characteristics can simultaneously be improved 
by disposing on the surface side a layer having a 
narrower band gap and on the substrate side a layer 
having a broader band gap. The designing of such 
layer construction brings about a dramatic effect 
especially in respect of light sources having a 
relatively long wavelength and also having almost no 
scattering of wavelength as in the case of 
semiconductor lasers. 

The lower-part blocking layer 404, which may 
optionally be provided, may be formed of a-Si(H,X) as 
a base and may be incorporated with a dopant such as 
an element belonging to Group 13 or Group 15 of the 
periodic table. This makes it possible to control its 
conductivity type and to provide the layer with the 



ability to block carriers from being Injected from 
the substrate* In tbis case^ at least one element 
selected from C, N and O may optionally be 
incorporated so that the stress can be adjusted and 
the function to improve adherence of the 
photosensitive layer can be provided. 

As the element belonging to Group 13 or Group 15 
of the periodic table, used as the dopant of the 
lower-part blocking layer 404, those described 
previously may be used. Materials for incorporating 
such a Group 13 element may also specifically include^ 
as a material for incorporating boron atoms, boron 
hydrides such as BaH^, B4H10, B^H^. b^Hh, B^Hio, B^Hi^ and 
B6H14 and boron halides such as BF3, BCI3 and BBra- 
Besides, the material may also include AICI3, GaCla, 
GaCCHa)^. InCl3 and TICI3. In particular, BaH^ is one 
of preferred materials also from the viewpoint of 
handling • 

What can effectively be used as materials for 
incorporating the Group 15 element may include, as a 
material for incorporating phosphorus atoms, 
phosphorus hydrides such as PH3 and P2H4 and 
phosphorus halides such as PF3, pfs, PCI3, PCI5, PBra 
and Pl3- It may further include PH4I. Besides, the 
starting material for incorporating the Group 15 
element may also include, as those which are 
effective, ASH3. ASP3, ASCI3, AsBrj, AsFs, SbHj, SbFa, 
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SbFs, SbCla, SbCls, BxH^. BiCla and BlBXa. 

The dopant atoms may preferably be In a content 
of from 1 X 10"^ to 1 X 10^ atomic ppm, more preferably 
from 5 X 10"^ to 5 X lo^ atomic ppm, and most 
preferably from 1 X lo^^ to 1 X lo^ atomic ppm. 

The first layer may include a non-single-crystal 
silicon carbide layer deposited on the 
photoconductive layer. 

Depositing such a silicon carbide layer on the 
outermost surface of the first layer in the above 
first step brings an improvement in film adherence 
between the second layer deposited in the third step 
and the first layer, and can provide a very broad 
latitude for film come-off. 

Also obtainable is the effect of preventing any 
polishing damages when the surface of the first layer 
is worked by polishing in the second step* 

- Second layer according to the present 
invention: 

The second layer 403 according to the present 
invention is deposited after the substrate on which 
the first layer 402 has been formed is moved from the 
first film- forming chamber to the second film- forming 
chamber, stopping the discharge for a while. 

To form the second layer 403^ it is preferable 
to use the plasma-assisted CVD system making use of 
an RP band, having low rate and providing good 
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adherence . 

For the movement to the second film- forming 
chamber in the second step, the substrate on which 
the first layer 402 has been formed may be taken out 
of the first film-forming chamber as it stands kept 
in vacuum, or it may be taken out of the first 
film-forming chamber after it has been returned to 
atmospheric pressure. When it. is moved to the second 
film-forming chamber, it may also be brought into 
contact with a gas containing oxygen and water vapor . 
As the gas containing oxygen and water vapor, the 
atmosphere may be used, which is air in a normal 
environment • More specifically, the gas used for such 
contact is a gas containing at least oxygen and water 
vapor and optionally containing an inert gas such as 
nitrogen gas. The gas may preferably be one 
containing, e.g., 5% by volume or more of the oxygen 
in the whole gas. It may also be pure oxygen to which 
water vapor has been added, but may usually be one 
having about the same oxygen content as air. The 
water vapor may be so added as to provide a relative 
humidity of, e.g., about 1% or more, and preferably 
10% or more, at room temperature 25'*C. Under usual 
conditions, it is preferable to use the atmosphere, 
which is air in the environment, as being simple in 
steps - 

During this contact with the gas, hill portions 



of the spherical protuberances present at the surface 
may preferably be polished by a polishing means to 
flatten the surface. The surface may preferably be sc 
flattened as to have an arithmetic mean roughness 
(Ra) measured in a visual field of 10 jixm X lo jxm, of 
25 nm or less. Such working may be carried out using 
a surface-polishing system described later. Making 
the spherical protuberances flat can effectively 
prevent electric charges from slipping through, and 
also can prevent the cleaning blade from chipping or 
the faulty cleaning from occurring because of the 
spherical protuberances. This also can prevent the 
occurrence of the toner melt adhesion that may start 
from the spherical protuberances. 

It is also worthwhile to maJce Inspection of 
external appearance or evaluation of characteristics 
if necessary when the substrate on which the first 
layer has been formed (unfinished photosensitive 
member) is taken out of the first film- forming 
chamber. Making inspection at this point of time 
makes it possible to omit subsequent steps in respect 
of unfinished photosensitive members found to have 
poor quality, bringing cost reduction as a whole . 

In addition, the substrate on which the first 
layer has been formed may be cleaned before it is set 
in the second film-forming chamber « It is preferable 
to do so in order to improve the adherence of the 



second layer 403 and lessen any dust having adhered. 
As a specific method for such cleaning, it is 
preferable that the surface is wiped and cleaned with 
clean cloth or paper, or it is more preferable to 
clean the surface strictly by organic cleaning or by 
washing with water. In particular, in consideration 
for environment, washing with water by means of a 
water washing system described later is more 
preferable . 

It is also preferable to beforehand subject the 
outermost surface of the first layer to etching 
before the substrate on which the first layer has 
been formed is set in the second film- forming chamber 
to deposit the second layer 403. This brings an 
improvement in adherence of film when the second 
layer is deposited, and good photosensitive members 
can be obtained against heat shook and vibration. 
Plasma etching is particularly preferred in view of 
such advantages that its system can be simple and. 
after the etching, it can continuously be changed 
over to the step of depositing the second layer 403. 

The second layer 403 in the present invention 
includes the upper-part blocking layer 406. The 
upper-part blocking layer 406 has the function to 
block charges from being injected from the surface 
side to the first-layer side when the photosensitive 
member is subjected to charging in a certain polarity 



on its free surface, ana exhibits no such function 
when subjected to charging in a reverse polarity. 

In order to provide such function, it is 
necessary for the upper-part blocking layer 406 to be 
properly incorporated with atoms capable of 
controlling conductivity. As the atoms used for such 
purpose, an element belonging to Group 13 of the 
periodic table or an element belonging to Group 15 of 
the periodic table may be used in the present 
invention- The Group 13 element may specifically 
include boron (B), aluminxim (Al), gallium (Ga), 
indium (In) and thallium (Tl) . In particular, boron 
is preferred. The Group 15 element may specifically 
include phosphorus (P), arsenic (As), antimony (Sb) 
and bismuth (Bi) . In particular, phosphorus is 
preferred. 

The content of the atoms capable of controlling 
conductivity which are to be incorporated in the 
upper-part blocking layer 406 may appropriately be 
changed taking account of the composition of the 
upper- part blocking layer 406 and the manner of 
production. In general, such atoms may preferably be 
in a content of from 100 atomic ppm or more to 30,000 
atomic ppm or less, and more preferably from 500 
atomic ppm or more to 10,000 atomic ppm or less. 

The atoms capable of controlling the 
conductivity which are contained in the upper -part 



blocking layer 4 06 may evenly uniformly be 
distributed in the upper-part blocking layer 406, or 
may be contained in such a state that they are 
distributed non-unlf ormly in the layer thickness 
direction. In any case, however, in the in-plane 
direction parallel to the surface of the substrate, 
it is necessary for such atoms to be evenly contained 
in a uniform distribution so that the properties in 
the in-plane direction can also be made uniform. 

The upper-part blocking layer 406 may be formed 
using any materials so long as they are a-Si 
materials, and may preferably be constituted of the 
same material as the surface layer 407 detailed later. 
More specifically, preferably usable are •a-SiC;H,X- 
(amorphous silicon containing a hydrogen atom (H) 
and/ or a halogen atom (X) and further containing a 
carbon atom), "a-SiOsH,X" (amorphous silicon 
containing a hydrogen atom (H) and/or a halogen atom 
(X) and further containing an oxygen atom), 
*a-SiNsH,X'' (amorphous silicon containing a hydrogen 
atom (H) and/or a halogen atom (X) and further 
containing a nitrogen atom), and "a-SiCON :H 
(amorphous silicon containing a hydrogen atom (H) 
and /or a halogen atom (X) and further containing at 
least one of a carbon atom, an oxygen atom and a 
nitrogen atom) . The carbon atoms or nitrogen atoms or 
oxygen atoms contained in the upper-part blocking 
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layer 406 may evenly uniformly be distributed in that 
layer, or may be contained in such a state that they 
are distributed non-unif ormly in the layer thickness 
direction. In any case, however^ in the in-plane 
direction parallel to the surface of the substrate, 
it is necessary for such atoms to be evenly contained 
in a uniform distribution so that the properties in 
the in-plane direction can also be made uniform. 

The content of the carbon atoms and/or nitrogen 
atoms and/or oxygen atoms to be incorporated in the 
whole layer region of the upper-part blocking layer 
406 may appropriately be so determined that the 
object of the present invention can effectively be 
achieved. It may preferably be in the range of from 
10% to 70% based on the total sum of silicon atoms « 
as the amount of one kind when one kind of these is 
Incorporated, and as the amount of the total sum when 
two or more kinds of these are incorporated. 

In the present invention, the upper-part 
blocking layer 406 is required to be incorporated 
with hydrogen atoms and/or halogen atoms. This is 
because they are incorporated in order to compensate 
uncombined bonds of silicon atoms and are essential 
and indispensable for Improving layer quality, in 
particular, for improving photoconductivity and 
charge retentivity. The hydrogen atoms may usually be 
in a content of from 30 to 70 atomic %, preferably 
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from 35 to 65 atomic %, and more preferably from 40 
to 60 atomic %, based on tlie total amount of 
constituent atoms. The halogen atoms may usually be 
in a content of from 0,01 to 15 atomic %, preferably 
from 0.1 to 10 atomic %, and more preferably from 0.5 
to 5 atomic % . 

The layer thickness of the upper-part blocking 
layer 406 is regulated to the thickness that can 
effectively prevent image defects caused by the 
spherical protuberances 408. The spherical 
protuberances 408 are various in size when they are 
viewed on the surface side, and have such a 
disposition that those having a larger diameter have 
a greater degree of injection of electric charges, 
and more tend to appear on Images. Accordingly, it is 
effective that the larger the spherical protuberances 
are, the larger the layer thickness of the upper-part 
blocking layer 406 is. Stated specifically, the 
upper-part blocking layer 406 may preferably be in a 
thickness at least lO'* time as large as the diameter 
of the largest spherical protuberance among spherical 
protuberances present at the surface of the 
unfinished photosensitive member after the second 
layer 403 has been deposited. Making the layer have 
the thickness of this range can effectively prevent 
electric charges from slipping through the spherical 
protuberances 408. As the upper limit, the layer 
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thickness may be 1 («n or less. This is preferable 
from the viewpoint of minimizing deterioration in 
sensitivity. 

In order to improve the adherence between the 
first layer 402 and the second layer 403, it is 
effective to provide between the first layer 402 and 
the upper-part blocking layer 406 a layer having the 
same composition as the former. 

It is also effective for the upper-part blocking 
layer 406 to be continuously changed in composition 
from the first layer 402 side toward the surface 
layer 407. This is effective not only in improving 
the adherence but also in preventing the interference. 

In order to form an upper-part blocking layer 
406 having characteristics that can achieve the 
object of the present invention, it is necessary to 
appropriately set the mixing ratio of the Si-feeding 
gas to the C- and/or N- and/or O-feeding gas(es), the 
gas pressure inside the reactors, the discharge power 
and the substrate temperature. 

Materials that can serve as source gases for 
feeding silicon (Si), used to form the upper-part 
blocking layer 406, may include gaseous or gasiflable 
silicon hydrides (silanes) such as SiH*, SiaHe, SiaHa 
and Si4Hio, which can be effectively used. In view of 
readiness in handling for layer formation auid 
Si -feeding efficiency, the material may preferably 
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include SXH4 and SiaH^. These Si-feoding source gases 
may be used optionally after their dilution with a 
gas such as H2, He, Ar or Ne. 

Materials that can serve as source gases for 
feeding carbon (C) may include gaseous or gasifiable 
hydrocarbons such as CH4, C2H2, C^He, CaHa and C4H10. In 
view of readiness in handling for layer formation and 
C- feeding efficiency, the material may preferably 
include CH4, C2H2 and CzK^. These C-feeding source 
gases may be used optionally after their dilution 
with a gas such as H2, He^ Ar or Ne. 

Materials that can serve as source gases for 
feeding nitrogen or oxygen may include gaseous or 
gasifiable compounds such as NH3, NO, N2O, NOa. O2. CO, 
CO2 and N2. These nitrogen- or oxygen -feeding source 
gases may be used optionally after their dilution 
with a gas such as H2, He« Ar or Ne. 

The pressure inside the film- forming chamber 
(reactor) may appropriately be selected within an 
optimum range in accordance with layer designing. In 
usual cases, it may be set at from 1 X 10'^ Pa to 1 X 
10' Pa, and preferably from 5 X xo"^ Pa to 5 X 10^ Pa, 
and most preferably from 1 X lo'^^ Pa to 1 X 10^ Pa, 

The temperature of the substrate may also 
appropriately be selected within an optimum range in 
accordance with layer designing. In usual cases, the 
temperature may preferably be set at from 150**C to 
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350''C, more preferably from ISO^C to 330^C, and most 
preferably from 200**C to SOO'^C. 

In the present Invention, the film formation 
factors such as the dilute gas, the mixing ratio, gas 
pressure, discharge power and substrate temperature 
for forming the upper -part blocJclng layer 406 are by 
no means independently separately determined in usual 
cases. Optimum values of factors for forming the 
layer should be determined on the basis of mutual and 
systematic relationship so that photosensitive 
members having the desired characteristics can be 
formed • 

The second layer 403 in the present invention 
may also optionally be provided with an a- Si type 
intermediate layer beneath the upper-part blocking 
layer 406. 

The intermediate layer is constituted of a 
non- single -crystal material having as a base an 
amorphous silicon containing hydrogen (H) and/or a 
halogen (X) and composed chiefly of silicon atoms 
[a-Si(H,X)3 and further containing at least one of 
atoms selected from carbon atoms, nitrogen atoms and 
oxygen atoms. Such a non -single -crystal material may 
include amorphous silicon carbide, amorphous silicon 
nitride and amorphous silicon oxide p 

In this case, the intermediate layer may be 
continuously changed in composition from the 
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photosensitive layer toward the upper-part blocking 
layer. This is effective in improving the adherence 
o£ film. 

To form the intermediate layer, the substrate 
temperature (Ts) and the gas pressure inside the 
reactor must appropriately be set as desired. The 
substrate temperature (Ts) may appropriately be 
selected within an optimum range in accordance with 
layer designing, in usual cases, the temperature may 
preferably be sot at from 150°C to 350'C, more 
preferably from 180*C to aso'C, and most preferably 
from 200°C to SOCC. 

The pressure inside the reactor may also 
likewise appropriately be selected within an optimum 
range in accordance with layer designing. In usual 
cases, it may be set at from 1 X lo^^ Pa to 1 X 10^ Pa, 
and preferably from 5 X lO"* Pa to 5 x lo' Pa, and most 
preferably from 1 X lo"^ Pa to 1 X lo^ Pa. 

In the present invention, the second layer 403 
may further optionally be provided, on the upper-part 
blocking layer 406, with a surface layer 407 formed 
of a non- single -crystal material, in particular, an 
a-Si material. This surface layer 407 has a free 
surface, and is effective in improvement chiefly in 
moisture resistance, performance for continuous 
repeated use. electrical breakdown strength, service 
environmental properties and running performance. 
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Including the a-Si type surface layer 407, the 
amorphous materials that form the photoconductive 
layer 405 constituting the first layer 402 and form 
the upper-part blocking layer 406 and surface layer 
407 each have a common constituent, silicon atoms, 
and hence a chemical stability is well ensured at the 
interface between layers. Where an a- Si type material 
is used as a material for the surface layer 407, 
preferred is a compound with silicon atoms which 
contains at least one element selected from carbon, 
nitrogen and oxygen. In particular, one composed 
chiefly of a-SiC is preferred, i.e., an a-SiC surface 
layer . 

Where the surface layer 407 contains at least 
one of carbon, nitrogen and oxygen, any of these 
atoms may preferably be in a content ranging from 30% 
to 90% based on all the atoms constituting a network. 

The surface layer 407 is also incorporated 
therein with hydrogen atoms and/or fluorine atoms. 
This is essential and indispensable in order to 
compensate uncomblned bonds of silicon atoms, and to 
improve layer quality, in particular, to improve 
photoconductivity and charge retentivity. The 
hydrogen atoms may usually be in a content of from 30 
to 70 atomic %, preferably from 35 to 65 atomic %, 
and most preferably from 40 to 60 atomic %^ based on 
the total amount of constituent atoms. The fluorine 
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atoms may usually be in a content of from 0.01 to 15 
atomic preferably from 0,1 to 10 atomic and 
more preferably from 0.5 to 5 atomic %. 

The photosensitive member formed to have the 
hydrogen content and/or fluorine content within these 
ranges is well applicable as a product remarkably 
superior in its practical use. More specifically, any 
defects or imperfections (comprised chiefly of 
dangling bonds of silicon atoms or carbon atoms) 
present inside the surface layer 407 are known to 
have ill influences on the properties required for 
electrophotographic photosensitive members. For 
example, charge characteristics may deteriorate 
because of the injection of charges from the free 
surface; charge characteristics may vary because of 
changes in surface structure in a service environment, 
e.g., in an environment of high humidity; and the 
injection of electric charges into the surface layer 
from the photoconductive layer at the time of corona 
charging or irradiation with light may cause a 
remaining image phenomenon during repeated use 
because of entrapment of electric charges in the 
defects inside the surface layer. These can be cited 
as the ill influences . 

However, the controlling of the hydrogen 
content in the surface layer 407 so as to be 30 
atomic * or more brings a great decrease in the 
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defects inside the surface layer 407, so that, as 
compared with conventional cases, improvements can be 
achieved in respect of electrical properties and 
high-speed continuous -use performance. On the other 
hand, if the hydrogen content in the surface layer 
407 is more than 70 atomic %. the hardness of the 
surface layer 407 may lower, and hence the layer may 
come not to endure the repeated use. Thus, the 
controlling of hydrogen content in the surface layer 
407 within the range set out above is one of very- 
important factors for obtaining superior 
electrophotographic performance as desired. The 
hydrogen content in the surface layer 407 can be 
controlled according to the flow rate (ratio) of 
source gases, the support temperature, the discharge 
power, the gas pressure and so forth. 

The controlling of fluorine atom content in the 
surface layer 407 so as to be within the range of 
0.01 atomic * or more also makes it possible to more 
effectively generate the bonds between silicon atoms 
and carbon atoms in the surface layer 407. As a 
function of the fluorine atoms in the surface layer 
407, it is also possible to effectively prevent the 
bonds between silicon atoms and carbon atoms from 
25 breaking because of damages caused by coronas or the 
like. 

On the other hand, if the fluorine atom content 
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in the surface layer 407 is more than 15 atomic %, it 
comes almost ineffective to generate the bonds 
between silicon atoms and carbon atoms in the surface 
layer 407 and to prevent the bonds between silicon 
atoms and carbon atoms from breaking because of 
damage caused by coronas or the like. Moreover, 
residual potential and image memory may become 
remarkably seen because the excessive fluorine atoms 
inhibit the mobility of carriers in the surface layer. 
Thus, the controlling of fluorine content in the 
surface layer 407 within the range set out above is 
one of important factors for obtaining the desired 
electrophotographic performance. The fluorine content 
in the surface layer 407, like the hydrogen content, 
can be controlled according to the flow rate ratio of 
source gases, the support temperature, the discharge 
power, the gas pressure and so forth. 

In the present invention, the surface layer 407 
may preferably be further incorporated with atoms 
capable of controlling its conductivity as needed. 
The atoms capable of controlling the conductivity may 
be contained in the surface layer 407 in an evenly 
uniformly distributed state, or may be contained 
partly in such a state that they are distributed 
non-uniformly in the layer thickness direction. 

The atoms capable of controlling the 
conductivity may include what is called impurities in 
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the field Of semiconductors, and atoms belonging to 
Group 13 or Group 15 of the periodic table may be 
used. 

The surface layer 407 may usually be formed in a 
thickness of from 0.01 to 3 mn, preferably from 0.05 
to 2 ^m. and most preferably from 0.1 to 1 nm. if the 
layer thickness is smaller than 0.01 mh., the surface 
layer 407 may become lost because of friction or the 
like during the use of the photosensitive member. If 
it is larger than 3 Mm, a lowering in 
electrophotographic performance may occur because of 
an increase in residual potential. 

To foiTO a surface layer 407 having properties 
that can achieve the object of the present invention, 
the substrate temperature and the gas pressure inside 
the reactor must appropriately be set as desired. The 
substrate temperature (Te) may appropriately be 
selected within an optimum range in accordance with 
layer designing. In usual cases, the temperature may 
preferably be set at from iso'C to SSO'C, more 
preferably from 180'C to 330°C, and most preferably 
from 200*'C to 300*C. 

The pressure inside the reactor may also 
likewise appropriately be selected within an optimum 
range in accordance with layer designing. In usual 
cases, it may be set at from 1 X lo'* Pa to 1 X 10^ Pa, 
and preferably from 5 X lo"' Pa to 5 x 10* Pa, and most 
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preferably from 1 X lo"^ Pa to IX lo* p©. 

As source gases used to form the surface layer 
407, the source gases used to form the upper-part 
blocking layer 406 may be used. 

The second layer 403 may also Include a surface 
layer formed of a non- single-crystal material 
composed chiefly of carbon, i.e., non-single-orystal 
carbon, and further containing hydrogen atoms. This 
surface layer is hereinafter often referred to as 
"a-C:H surface layer." 

What is herein meant by 'non-single-crystal 
carbon- chiefly indicates amorphous carbon having a 
nature intermediate between graphite and diamond, and 
may also partly contain a microcrystalline or 
polycrystalline component . 

This a-CrH surface layer has a free surface, and 
is provided chiefly m order to achieve what is aimed 
in the present invention, i.e., the prevention of 
melt adhesion, scratching and wear in long-tezm 
service . 

The a-C:H surface layer can be effective alike 
even when impurities are a little contained. For 
example, even when impurities such as Si. N, O, P and 
B are contained in the surface layer, the effect of 
the present invention is sufficiently obtainable as 
long as their content is about 10 atomic % or less 
based on the whole elements in the surface layer. 
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The a-C:H surface layer is incorporated with 
hydrogen atoms. Incorporation of hydrogen atoms 
effectively compensates any structural defects in the 
film to reduce the density of localized levels. Hence, 
the transparency of the film is improved and, in the 
surface layer, any unwanted absorption of light is 
kept from taking place, bringing an improvement in 
photosensitivity. Also, the presence of hydrogen 
atoms in the film is said to play an important role 
for the solid lubricity. 

The hydrogen atoms incorporated in the a>C:H 
surface layer may preferably be in a content of from 
41 to 60 atomic %, and more preferably from 45 to 50 
atomic %, as H/(C+H). If the hydrogen atoms are in a 
content less than 41 atomic %, a narrow optical band 
gap may result, which is unsuitable in view of 
sensitivity, if on the other hand they are in a 
content more than 60 atomic %, a low hardness may 
result, tending to cause scrapes. The a-C:H surface 
layer is preferably usable as long as it has an 
optical band gap in a value of approximately from 1.2 
to 2.2 eV, and preferably 1.6 eV or more in view of 
sensitivity. It is favorably usable as long as it has 
a refractive index of approximately from 1.6 to 2.8. 

As to the layer thickness of the surface layer, 
the degree of interference is measured with a 
reflection spectral interferometer (MCPD2000, 
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manufactured by Ohtsuka Denshi K.K.), and the layer 
thickness is calculated from the measured value and a 
known refractive index. The layer thickness of the 
surface layer may be controlled by conditions for 
film formation. 

The a-C;H surface layer may have a layer 
thickness of from 5 nm l:o 2,000 nm, and preferably 
from 10 nm to 100 nm. If it has a layer thickness of 
less than 5 nm, it is difficult to obtain the 
intended effect: in long-term service. If it has a 
layer thickness of more than 2,000 nm. it may turn 
necessary to take account of demerits such as a 
lowering of photosensitivity, and residual charge. 
Accordingly, it is better for the layer thickness to 
be 2,000 nm or less. 

The surface layer may be deposited by known 
thin-film deposition processes as exemplified by glow 
discharging, sputtering, vacuum metallizing, ion 
plating, photo -assisted CVD and thermal CVD, Any of 
these thin- film deposition processes may be employed 
under appropriate selection in accordance with 
factors such as the conditions for manufacture, the 
extent of a load on capital investment in equipment, 
the scale of manufacture and the properties or 
performances desired on electrophotographic 
photosensitive members for electrophotographic 
apparatus to be produced. In view of productivity of 
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the electrophotographic photosensitive members, it is 
preferable to use the same deposition process as that 
for the photoconductive layer. 

As to the high-frequency power used to decompose 
source gases, it may preferably be as high as 
possible because the decomposition of hydrocarbons 
proceeds sufficiently. Stated specifically, as the 
quantity of electricity (W) per unit volume (ml) in 
unit time (min) in normal condition (normal) 
CW-min/ml (normal) 3 , it may usually be from 0.5 to 30, 
preferably from 0.8 to 20, and most preferably from 1 
to 15. If it is too high, abnormal discharge may take 
place to cause deterioration of characteristics of 
the electrophotographic photosensitive member. 
Accordingly, the electric power must be controlled to 
a level not to cause such abnormal discharge. 

As discharge frequency of the power used in 
plasma-assisted CVD when the surface layer in the 
present invention is formed, any frequencies may be 
used. In an industrial scale, preferably usable is 
both of high-frequency power of from 1 MHas or more to 
less than 50 MHz, which is called an RF frequency 
band, and high-frequency power of a frequency of from 
50 MHz or more to 450 MHz or less. 

With regard to discharge space pressure set when 
the surface layer is deposited, it may preferably be 
kept at from 13.3 Pa to 1,333 Pa (0.1 Torr to 10 
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Torr) when a usual RP (typically 50 to 450 MHz) power 
is used, and from 0.133 Pa to 13.3 Pa (0.1 mTorr to 
100 niTorr) wHen a VHP band (typically so to 450 MHz) 
power Is used. 

Materials that can serve as gases for feeding 
carbon may include, as those effectively usable, 
gaseous or gasifiable hydrocarbons such as CH«, C2H2, 
C2H6, CsHb and C4H10. In view of readiness in handling 
and carbon feed efficiency at the time of film 
formation, CH4, C2H2 and CjHs are preferred. Also, any 
of these carbon -feeding material gases may further 
optionally be diluted with a gas such as Ha, He, Ar or 
Ne when used. 

In the case of the amorphous carbon (a-C), the 
substrate temperature may preferably be a low 
temperature. This is because graphite components may 
increase with a rise in substrate temperature to 
bring about undesirable influences such as a lowering 
of hardness, a lowering of transparency and a 
lowering of surface resistance. Accordingly, the 
substrate temperature may be controlled to from room 
temperature to 400''C, and may preferably be set at 
from 20°C to ISO^C. 

The a-CtH surface layer in the present invention 
may further optionally incorporated with halogen 
atoms . 

The a-C:H surface layer may also be divided into 
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two layers on the side close to the photoconfluctive 
layer and on the side distant therefrom, and be so 
Gonstzructed that hydrogen atoms are added to the 
former (first surface layer) and halogen atoms, in 
particular, fluorine atoms are added to the latter 
(second surface layer). In such construction, 
conditions are so set that the first surface layer 
has a hardness (dynamic hardness) higher than that of 
the second surface layer. For example, when fluorine 
is added, it may be added in a content of from 6 
atomic * to 50 atomic %, and preferably from 30 
atomic * to 50 atomic *. 

Such an a-C:H surface layer is favorably usable 
as long as it has an optical band gap in a value of 
15 approximately from 1.2 to 2.2 eV, and preferably 1.6 
©V or more in view of sensitivity. It is favorably 
usable as long as it has a refractive index of 
approximately from l.a to 2.8. 

In the case when the surface layer formed of 
20 a-C:H is deposited, it has the effect of controlling 
the image defects the upper-part blocking layer alone 
can not completely control, in virtue of the 
cooperative effect of the special effect the a-C:H 
film has and the effect of making the boundary 
25 portion 206 (Fig. 2) break off. 

Details of the special effect the a-CsH film has 
are unclear at present, and it is presumed that such 



- 61 - 



10 



an effect is in virtue of a difference in growth 
process between the a-SixH type film and the a~C:H 
film. It seems that the a-C:H film grows as if it 
fills in the hollows of boundary portions 206 of the 
upper-part blocking layer 205. 

Desirable numerical ranges of the substrate 
temperature and gas pressure for forming the surface 
layer may include the ranges given above, but 
conditions are by no means independently separately 
determined in usual cases. Optimum values should be 
determined on the basis of mutual and systematic 
relationship so that photosensitive members having 
the desired characteristics can be formed. 

- a-Si Photosensitive member film formation 
15 apparatus according to the present invention: 

Fig. 5 diagrammatically illustrates an example 
of a deposition apparatus for producing the 
photosensitive member by rf plasma-assisted CVD 
making use of an rf band high-frequency power source, 
used to form the second layer. Fig. 6 
diagrammatically illustrates an example of a 
deposition apparatus for producing the photosensitive 
member by VHF plasma-assisted CVD making use of a VHP 
power source, used to form the first layer. 

These apparatus are each constituted chiefly of 
a deposition system 5100 or 6100, a material gas feed 
system 5200 and an exhaust system (not shown) for 
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evacuating the inside of a film- forming chamber 5110. 
Incidentally, the apparatus shown in Fig. 6 is 
constructed by changing the deposition system 5100 
Shown in Pig. 5, for the deposition system 6100 shown 
in Fig. 6. 

The first layer is formed by the deposition 
apparatus shown m Fig. 6. employing the VHP 
plasma-assisted CVD (first film-forming chamber). 
Here, the high- frequency power to be applied is 
supplied from a VHP power source with a frequency of 
from 50 MHz to 450 MHZ, e.g., a frequency of 105 MHz. 
The pressure is kept at approximately from 13.3 mPa 
to 1,330 Pa, i.e.. a pressure a little lower than 
that in the RF plasma-assisted CVD. 

the film-forming chamber 6110 in the 
deposition system 6100, cylindrical substrates 6112, 
heaters 6113 for heating the substrate, and a source 
gas feed pipe 6114 are provided. A high-frequency 
power source 6120 is further connected to the 
20 film-forming chamber via a high-frequency matching 
box 6115. 

The source gas feed system 5200 is, as shown in 
Fig. 5, constituted of gas cylinders 5221 to 5226 for 
source gases such as SiH*. H^, CH4, NO, BaHs and CF4, 
valves 5231 to 5236, 5241 to 5246 and 5251 to 5256, 
and mass flow controllers 5211 to 5216. The gas 
cylinders for the respective constituent gases are 
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connected to the gas feed pipe 6114 ±n the 
film-forming chainbex- 6110 via a valve 6260. 

The cylindrical substrates 6112 are set on 
conductive supporting stands 6123 and are thereby 
5 connected to the ground. 

An example of procedure of forming 
photosensitive members by means of the apparatus 
shown in Fig. 6 is described below. 

The cylindrical substrates 6112 are set in the 
10 film-forming chamber 6110. and the inside of the 

film-forming chamber 6110 is evacuated by means of an 
exhaust device (e.g., a vacuum pump; not shown). 
Subsequently, the temperature of each cylindrical 
substrate 6112 is controlled at a desired temperature 
of from 200°C to 450'C, preferably from 250''C to 350'C, 
by means of the heaters 6113 for heating the 
substrates. Next, in order that source gases for 
forming the photosensitive members are flowed into 
the film- forming chamber 6110, gas cylinder valves 
5231 to 5236 and a leak valve 5117 of the source gas 
feed system 5200 are checked to make sure that they 
are closed, and also flow- in valves 5241 to 5246, 
flow- out valves 5251 to 5256 and an auxiliary valve 
6260 are checked to make sure that they aire opened. 
25 Then, a main valve 6118 is opened to evacuate the 
insides of the film- forming chamber 6110 and a gas 
feed pipe 6116. 
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Thereafter^ at the time a vacuum gauge 6119 has 
been read to Indicate a pressure of about 0*5 mPa, 
the axixiliary valve 6260 and the flow-out valves 5251 
to 5256 are closed. Thereafter, valves 5231 to 5236 
are opened so that gases are respectively Introduced 
from gas cylinders 5221 to 5226, and each gas is 
controlled to have a pressure of 0.2 MPa by operating 
pressure controllers 5261 to 5266. Next, the flow- in 
valves 5241 to 5246 are slowly opened so that gases 
are respectively Introduced into mass flow 
controllers 5211 to 5216. 

After the film formation has been made ready to 
start as a result of the above procedure, the first 
layer, e.g., the photoconductive layer is first 
formed on each cylindrical substrate 6112. 

That is, at the time the cylindrical substrates 
6112 has had the desired temperature^ some necessary 
ones among the flow-out valves 5251 to 5256 and the 
auxiliary valve 6260 are slowly opened so that 
desired source gases are fed into the film- forming 
chamber 6110 from the gas cylinders 5221 to 5226 
through a gas feed pipe 6114. Next, the mass flow 
controllers 5211 to 5216 are operated so that each 
source gas is adjusted to flow at a desired rate. In 
that course, the opening of the main valve 6118 is 
adjusted while watching the vacuum gauge 6119 so that 
the pressure inside the film-forming chamber 6110 
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comes to a desired pressure of from 13.3 Pa to 1,330 
Pa. At the time the inner pressure has become stable, 
a high-frequency power source 6120 is set at a 
desired electric power and a high-frequency power 
with a frequency of from 50 MHz to 450 MHz, e.g., 105 
MHz is supplied to a cathode electrode 6111 through 
the high -frequency matching box 6115 to cause 
high-frequency glow discharge to take place. The 
source gases fed into the film-forming chamber 6110 
are decomposed by the discharge energy thus produced, 
so that the desired first layer composed chiefly of 
silicon atoms is formed on the cylindrical support 
6112. 

In this apparatus, in a discharge space 6130 
surrounded by the cylindrical substrates 6112, the 
source gases fed thereinto are excited by discharge 
energy to undergo dissociation^ and a stated 
deposited film is formed on each cylindrical 
substrate 6112. Here, the cylindrical substrate is 
rotated at a desired rotational speed by means of a 
substrate -rotating motor 6120 so that the layer can 
uniformly be formed. 

After a film with a desired thickness has been 
formed, the supply of high-frequency power is stopped, 
and the flow-out valves 5251 to 5256 are closed to 
stop gases from flowing into the film- forming chamber 
6110. The formation of the first layer is thus 



completed. The composition and layer thickness of the 
first layer may be set according to known 
conventional ones. Also when the lower-part blocking 
layer is provided between the first layer and the 
substrate » basically the above procedure may 
previously be repeated. 

It is important that each cylindrical substrate 
on which films have been formed up to the first layer 
in the manner described above (unfinished 
photosensitive member) is once taken out of the first 
f ilm-f oxroing chamber and is moved to the second 
film- forming cheunber shown in Fig. 5. When it is 
taken out of the first film-forming chamber, the 
external appearance of the unfinished photosensitive 
member may be inspected to check any peeling or 
spherical protrusions. Also, image inspection and 
potential characteristics inspection may also be made. 

Where an inspection is made in which the 
unfinished photosensitive member comes into contact 
with ozone, as in such image inspection and potential 
characteristics inspection, it is preferable to 
subject its surface to water washing or organic 
washing before the second layer is formed. In 
consideration of environment in recent years, water 
washing is preferred. Methods for the water washing 
are described later. The water washing thus carried 
out before the second layer is formed can more 
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Improve the adherence of the surface layer. 

The unfinished photosensitive member having been 
thus exposed to the atmosphere Is moved to the 
deposition apparatus employing the RF plasma- assisted 
5 CVD making use of an RF band high-frequency power, 
used to form the second layer (second film- forming 
chamber) , and then the second layer comprising the 
upper-part blocking layer is formed. The film 
formation of the second layer may basically be 
10 conducted according to the film formation of the 

first layer except that a hydrocarbon gas such as CH4 
or C2H6 as a source gas and optionally a dilute gas 
such as H2 are additionally used. 

Here, the high-frequency power has a frequency 
15 of from 1 MHz to 50 MHz, e.g., 13.56 MHz, and such 
high-frequency power is supplied to a cathode 
electrode 5111 through the high-frequency matching 
box 5115 to cause high-frequency glow discharge to 
take place. The material gases fed into the 
20 film-forming chamber 5110 are decomposed by the 

discharge energy thus produced, so that the second 
layer composed chiefly of silicon atoms is formed on 
the cylindrical substrate 5112. During this film 
formation, the pressure is kept at approximately from 
25 13,3 Pa to 1,330 Pa, which is a little higher than 
that in the VHF plasma-assisted CVD process. 

The composition and layer thickness of the 
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second layer may be set according to known 
conventional ones. Also wlien the second layer is 
deposited a£ter the same layer as the first layer has 
been deposited in order to improve the adherence 
between the second layer and the first layer, 
basically the above procedure may previously be 
repeated. 

The SiC type surface layer is further formed at 
the outermost surface, using an Si-containing gas and 
a carbon -containing gas- In that case as well^ 
basically the above procedure may be repeated. 

- Surf ace -polishing apparatus according to the 
present invention: 

In the electrophotographic photosensitive member 
production process of the present invention^ the 
substrate on which the first layer has been deposited 
may be polished by bringing a polishing tape into 
contact with the surface of the first layer having 
been deposited in the first step, by means of an 
elastic rubber roller, providing a relative 
difference in speed between the rotational -movement 
speed of the first-layer surface rotationally moved 
together with the cylindrical substrate and the 
rotational -movement speed of the elastic roller which 
brings the polishing tape into contact with that 
surface . 

Fig. 7 shows an example of a surface-polishing 



apparatus used in the production process for the 
electrophotographic photosensitive member of the 
present Invention when the surface working is carried 
out^ stated specifically, an example of a 
surface -polishing apparatus used when polishing is 
carried out as the surface working. 

In the example of construction of the 
surface -polishing apparatus shown in Pig. 7, a 
working object member (the surface of the deposited 
film on the cylindrical substrate) 700 is the 
cylindrical substrate on the surface of which the 
first layer formed of a-Si has been deposited, and is 
attached to an elastic support mechanism 720. In the 
apparatus shown in Fig. 7, for example, an air 
pressure holder is used as the elastic support 
mechanism 720 • Stated specifically, an air pressure 
holder manufactured by Brldgestone Corporation (trade 
name: AIR PICK; model: PO45TCA*820) is used* A 
pressure elastic roller 730 is pressed against the 
surface of the a- Si first layer of the working object 
member 700 via a polishing tape 731 put around the 
roller. 

The polishing tape 731 is delivered from a 
wind-off roll 732 and wound up on a wind-up roll 733. 
Its delivery speed is regulated by a constant-rate 
delivery roll 734 and a capstan roller 735, and its 
tension is also regulated by them. As the polishing 
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tape 731. a tape usually called a lapping tape may 
preferably be used. When the first layer such as the 
photoconductlve layer formed of a non-single-crystal 
material such as a- Si or an Intermediate layer such 
as the upper-part blocking layer is subjected to 
surface working, a lapping tape may be used in which 
SiC, AI2O3, FezOa or the like is used as abrasive 
grains. Stated specifically, a lapping tape LT-C2000, 
available from Fuji Photo Film Co., Ltd, is used. 

The pressure elastic roller 730 has its roller 
part made of a material such as neoprene rubber or 
silicone rubber, and has a JIS rubber hardness in the 
range of from 20 to 80, and preferably a JIS rubber 
hardness in the range of from 30 to 60. The roller 
part may also preferably have such a shape that it 
has a diameter which is larger at the middle portion 
than that at both ends , preferably having , e.g., a 
diameter difference between them in the range of from 
0.0 to 0.6 mm, and more preferably in the range of 
from 0-2 to 0.4 mm. The pressure elastic roller 730 
is pressed against the working object member (the 
surface of the deposited film on the cylindrical 
substrate) 700 being rotated, at a pressure in the 
range of from 0.05 MPa to 0.2 MPa, during which the 
lapping tape 731, e.g., the above lapping tape is fed 
between them to polish the deposited-* film surface. 

Where the surface polishing is carried out in 



the atmosphere, a means of wet polishing such as 
buffing may also be used besides the above means 
making use of the polishing tape. Also, when this 
means of wet polishing is used, the step of removing 
by washing a liquid used for polishing is provided 
after the polishing step, m such a case, treatment 
in which the surface is brought into contact with 
water to wash the surface may also be made in 
combination . 

In this way, the layer- forming interfaces as 
described previously, involving amorphous silicon, 
are made flat to make the layer- foiroing interfaces 
have discontinuous Interfaces, whereby, as shown in 
Fig. 3, the boundary 306 between the spherical 
protuberance 303 and the noxrnal deposited portion of 
the first layer 302 is more completely sealed. Hence, 
it is harder for the acquired electric charges to 
pass through that boundary, and a photosensitive 
member can be obtained which has the effect of 
keeping image defects from occurring more effectively. 

- Means by which surface profile is ascertained 
before and after the surface working in the 
production process for the electrophotographic 
photosensitive member of the present invention: 

In the electrophotographic photosensitive member 
of the present invention, the second layer is 
deposited on the surface of the first layer or 
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intexroedlate layer having been subjected to the above 
surface working. Here, the working may preferably be 
so carried out that the surface properties come to be 
in a certain specific value as a result of the 
surface working, e.g., the polishing. 

Microscopic changes in a surface state before 
and after this surface working differ from 
macroscopic surface roughness, and changes of 
microscopic surface profile must be observed. 
Evaluation of such changes of microscopic surface 
profile can provide more suitable conditions in 
respect of the surface working conditions in the 
production process for the electrophotographic 
photosensitive member of the present invention. 

Stated specifically, as a means for ascertaining 
the substantial surface state before and after the 
surface working, it is preferable to investigate the 
changes of surface at an atomic level by means of, 
e.g., an atomic-force microscope (AFM) , stated 
specifically, a commercially available atomic-force 
microscope (AFM) Q-Scope 250, manufactured by Quesant 
Co. The reason why an observation means is used 
having so high a resolution as to require the use of 
the atomic-force microscope (AFM) is that, in order 
to ascertain the presence of any change at the part 
of normal areas as a result of surface working, e.g., 
polishing, what is more important is not to observe 



rougliness in the oardex of hundreds of nanometers (nm) 
which is governed by the surface roughness of the 
cylindrical substrate itself used, but to take note 
of finer roughness resulting from the character of 
the deposited film itself, such as the 
photoconductive layer or the intermediate layer, and 
observe its changes exactly. 

Such fine roughness can be measured in a high 
precision and a good reproducibility with, e.g., the 
AFM by narrowing the range of measurement and also 
avoiding any systematic errors ascribable to a 
curvature tilt of sample surface. Stated specifically, 
as a measuring mode of the above Q-Scope 250, 
manufactured by Quesant Co., the tilt removal mode 
may be selected, and, after the curvature an AFM 
image of the sample has is fitted to a parabola, it 
is made flat to make correction (parabolic 
correction) . The surface shape of the 
electrophotographic photosensitive member assumes a 
cylindrical shape on the whole, and hence the above 
method of observation making use of the above 
flattening correction is a preferred method. When any 
t.±lt remains in the whole image, the correction to 
remove the tilt may further be executed (line-by-line 
correction). Thus, the tilt of sample surface may 
appropriately be corrected within the range that does 
not cause any strain in the data. This allows 



extraction of only the intended information on the 
finer roughness resulting from the character of the 
deposited film itself. 

- Water washing system according to the present 
invention: 

With regard to the washing with water ^ it is 
disclosed in, e-g.^ Japanese Patent No, 2786756 
(corresponding to U.S. Patent No. 5,314,780). An 
example of the water washing system (washer) usable 
in the present invention is shown in Pig. 8. 

The washing system shown in Fig. 8 consists of a 
treating section 802 and a treating object member 
transport mechanism 803. The treating section 802 
consists of a treating object member feed stand 811, 
a treating object member wash chamber 821, a 
pure-water contact chamber 831, a drying chamber 841 
and a treating object member delivery stand 851. The 
wash chamber 821 and the pure-water contact chamber 
831 are both fitted with temperature control units 
(not shown) for keeping the liquid temperature 
constant. The transport mechanism 803 consists of a 
transport rail 865 and a transport arm 861, and the 
transport arm 861 consists of a moving mechanism 862 
which moves on the rail 865, a chucking mechanism 863 
which holds a treating object member 801, and an air 
cylinder 864 for up and down moving the chucking 
mechanism 853. The treating object member 801 placed 



on the feed stand 811 is transported to the wash 
chamber 821 by means of the transport mechanism 803. 
Any oil and powder adhering to the surface are washed 
away in the wash chamber 821 by ultrasonic treatment 
made in a wash liquid 822 comprised of an aqueous 
surface-active agent solution. Next, the treating 
object member 801 is carried to the pure-water 
contact chamber 831 by means of the transport 
mechanism 803, where pure water with a resistivity of 
175 kQ-m (17,5 MQ-cm) , kept at a temperature of 25*C, 
is sprayed against it from a nozzle 832 at a pressure 
of 4.9 MPa. The treating object member 801 for which 
the step of pure-water contact has been finished is 
moved to the drying chamber 841 by means of the 
transport mechanism 803, where high -temperature 
high-pressure air is blown against it from a nozzle 
842^ so that the treating object member is dried. The 
treating object member 801 for which the step of 
drying has been finished is carried to the delivery 
stand 851 by means of the transport mechanism 803. 

- Electrophotographic apparatus according to the 
present invention : 

An example of an electrophotographic apparatus 
making use of the electrophotographic photosensitive 
member of the present invention is shown in Fig. 9. 
The apparatus of this example is suited when a 
cylindrical electrophotographic photosensitive member 
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is used. The electrophotographic apparatus of the 
present invention is by no means limited to this 
example^ and the photosensitive member may have any 
desired shape such as the shape of an endless belt. 

In Fig. 9, reference numeral 904 denotes the 
electrophotographic photosensitive member which is 
referred to in the present invention; and 905, a 
primary charging assembly which perfozros charging in 
order to form an electrostatic latent image on the 
photosensitive member 904. in Pig. 9, a corona 
charging assembly is Illustrated. Reference numeral 
906 denotes a developing assembly for feeding a 
developer (toner) 906a to the photosensitive member 
on which the electrostatic latent image has been 
15 formed; and 907, a transfer charging assembly for 

transferring the toner on the photosensitive member 
surface to a transfer medium. Reference numeral 908 
denotes a cleaner with which the photosensitive 
member surface is cleaned. In this example, in order 
20 to perform uniform cleaning of the photosensitive 

member surface effectively, the photosensitive member 
is cleaned by means of an elastic roller 908-1 and a 
cleaning blade 908-2. However, other construction may 
also be designed in which only any one of them is 
25 provided or the cleaner 908 itself is not provided. 
Reference numerals 909 and 910 denotes an AC charge 
eliminator and a charge elimination lamp. 



respectively, for eliminating electric charges from 
the photosensitive member surface so as to be 
prepared for the next -round copying operation. Of 
course, other construction may also be designed in 
which any one of them is not provided or both are not 
provided. Reference niomeral 913 denotes a transfer 
medium such as paper; and 914, a transfer medium feed 
roller. As a light source of exposure A, a halogen 
light source or a light source such as a laser or LED 
chiefly of single wavelength is used. 

Using such an apparatus « copied images are 
formed, e.g., in the following way. 

First , the electrophotographic photosensitive 
member 904 is rotated in the direction of an arrow at 
a stated speed, and the surface of the photosensitive 
member 904 is uniformly electrostatically charged by 
means of the primary charging assembly 905. Next, the 
surface of the photosensitive member 904 thus charged 
is subjected to exposure A for an image to form an 
electrostatic latent image of the image on the 
surface of the photosensitive member 904. Then, when 
the surface of the photosensitive member 904 at its 
part where the electrostatic latent image has been 
formed passes the part provided with the developing 
assembly 906, the toner is fed to the surface of the 
photosensitive member 904 by means of the developing 
assembly 906, and the electrostatic latent image is 
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rendered visible (developed) as an image fozmed of 
the toner- 906a (toner image). As the photosensitive 
member 904 is further rotated, this toner image 
reaches the part provided with the transfer charging 
assembly 907, where it is transferred to the transfer 
medium 913 forwarded by means of the feed roller 914. 

After the transfer has been completed, to make 
preparation for the next copying step, the surface of 
the photosensitive member 904 is cleaned to remove 
residual toner therefrom by means of the cleaner 908, 
and is further subjected to charge elimination by 
means of the charge eliminator 909 and charge 
elimination lamp 910 so as to maJce the potential of 
that surface zero or almost zero. Thus, a first -time 
copying step is completed. 

There are many localized levels in the 
electrophotographic photosensitive member 904, and 
hence some photo -carriers are captured in the 
localized levels, so that their mobility lowers or 
the rate of recombination of photo- carriers lowers. 
As the result, photo -carriers produced upon image 
infoxroation exposure remain in the interior of the 
photosensitive member and are released from the 
localized levels at the time of charging or 
thereafter. Hence, a difference in surface potential 
is produced between exposed areas and unexposed areas, 
and this tends to appear finally as image formation 
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history (Hereinafter "ghost") caused by photo-memory. 

Accordingly, in electrophotographic apparatus 
making use of a conventional electrophotographic 
photosensitive member 904, it has been done to 
provide a charge elimination light source in order to 
eliminate such ghost. As the charge elimination light 
source, it is common to use an LED array, which can 
strictly control wavelength and amount of light. This 
is because, if the ability to eliminate photo-memory 
is made higher at random, a difficulty may be raised 
in respect of how charging efficiency is secured and 
potential shift is lessened. 

As described above, the electrophotographic 
photosensitive member production process is carried 
out which comprises the steps of: 

as a first step, placing a cylindrical substrate 
in a first film-foxming chamber having an evacuation 
means and a source gas feed means and capable of 
being made vacuum- airtight, and decomposing at least 
a source gas by means of a high-frequency power to 
deposit on the substrate a first layer formed of at 
least the non-single-crystal material; 

as a second step, taking out of the first 
film- forming chamber the cylindrical substrate on 
which the first layer has been deposited, and moving 
the same to a second film- forming chamber; and 

as a third step« decomposing a source gas by 
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means of a High-frequency power in the second 
film-forming chamber to deposit on the first layer a 
second layer comprising an upper-part blocking layer 
formed of at least a non-single-crystal material. 
By carrying out this process, the spherical 
protuberances present at the photosensitive member 
surface can be made not to appear on images. As the 
result, it has been made possible to provide an 
electrophotographic photosensitive member production 
process which can vastly remedy the image defects » 

The image defects can be reduced when the first 
film-forming chamber used in the first step is the 
photosensitive member production apparatus of a VHF 
system, and the second film-forming chamber used in 
the third step is the photosensitive member 
production apparatus of an RF system. 

In the second step, the protuberant portions of 
the spherical protuberances may be polished to make 
them flat and thereafter the second layer may be 
deposited. This can make the spherical protuberances 
appear less frequently on images. As a result, the 
image defects can be reduced. 

It is more preferable that the unfinished 
photosensitive member is brought into contact with 
water between the first step and the second step. 
Stated specifically. It is washed with water. This 
brings an improvement in adherence when the surface 
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layer is fonneGl thereon, and brings a very broad 
latitude for film come-off. 

The inspection may also optionally be made In 
the second step on the unfinished photosensitive 
member- This makes it possible to omit subsequent 
steps in respect of unfinished photosensitive members 
found to have poor quality, bringing cost reduction 
as a whole. 

EXAMPLES 

The present invention is described below by 
giving Examples and Comparative Examples. The present 
invention is by no means limited by these. 

Example A-1 

Using the a-Si photosensitive member film 
formation apparatus (first film- forming chamber) 
shown in Fig. 6* a photoconductlve layer was 
deposited as the first layer on each cylindrical 
aluminum substrate of 108 mm in diameter under 
conditions shown in Table A-1. 
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Table A-1 



Photoconduc-tlve layer- 

Source gas and flow rate: 



SiH* [ ml/mln ( normal ) ] 


200 


H2 [ ml /min ( normal ) ] 


400 


Substrate temperature : 




rc) 


240 


Reactor Internal pressure: 




(Pa) 


0 . 


High -frequency power : 




(W) 


500 


Layer tlilclcness : 




(m) 


25 



normal: volume in standard condition 



Next, each substrate on wbicb the first layer- 
was formed was moved to the second film-forming 
chamber- shown in Fig. 5 , in a vacuum state by using a 
transport chamber^ and as the second layer an 
upper -part blocking layer and a surface layer were 
deposited on the first layer under conditions shown 
in Table A- 2. 



- 83 - 



Table A- 2 



Source gas and flow rater 


upper -part 

blockJ.no 

layex- 


19 %Amm tarn 

layer 


S±H4 f ml /m±n( normal ) J 


200 


50 


B2H6 (ppm) C based on 


1 , 000 




CH4 [ ml /mln ( normal ) ] 


200 


500 


Substrate temperature ; 








220 


220 


Reactor Internal pressure: 






(Pa) 


67 


67 


High-frequency power: 






(W) 


300 


300 


Layer thickness: 






(Mm) 


0.3 


0.5 



The photosensitive members obtained following 
the above procedure were photosensitive members used 
under negative charging, and were evaluated in the 
following way. 

Number of spherical protuberances: 
The surface of each photosensitive member 
obtained was observed on an optical microscope. Then, 
the number of spherical protuberances larger than 20 
\im in diameter was counted to examine their number 
per 10 cm^. The results obtained were ranked by 
relative comparison regarding as 100% the value 
obtained in Comparative Example A- 2. 
A: From 35% or more to less than 65%. 
B: From 65% or more to less than 95%. 
Cr Equal to Comparative Example A- 2. 
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Image defects $ 

In aix eiectrophotographic appazratus employing a 
cozrona cilsohaxge system a pr-l^a^ chax-gl^g 
assembly, the eleci:rophotographio photosens±ti^.e 
member obtained in this Example was set, and Images 
wex-e formed, stated specifically, a copying ^chine 
GP-605 (maiiufactmred by CANON INC.; process speed. 
30 0 nun/ sec; image exposux-e) was Used as a base 
machine which was so re«,odeled thext negative charging 
also was performable. and its toner was changed for a 
negative toner. Using this copying machine as a test 
electrophotographic apparatus, copies of an A3 -size 
White biank original were taken, images thus obtained 
were observed, and the number of black dots coming 
from spherical protuberances of 0.3 mm or more in 
diameter was counted. The results obtained were 
ranked by relative comparison regarding as 100% the 
value obtained in Comparative Example A-2 . 
As From 35% or more to less than 65%. 
20 B: Prom 65* or more to less than 85%. 

C: Prom 85% or more to less than 95%, 
Dj Equal to Comparative Example A- 2. 
Charging performance: 

The electrophotographic photosensitive member 
25 was set in the eleat:.opi.otog^aphic apparatus, and a 
high- voltage of .-6 kV (in a case of positive 
charging) or -6 kV (in a case of negative charging) 
was applied to its charging assembly va perform 
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10 



25 



corona chaxgiiag, where the dark-area surface 
potential of the electrophotographic photosensitive 
member was measured with a surface potentiometer 
installed at the position of the developing assembly. 
The results obtained were ranJced by relative 
evaluation regarding as 100% the value obtained in 
Comparative Example A- 3. 
AA: 125% or more. 

A: From 115% or more to less than 125%. 
Bi From 105% or more to less than 115%. 
Ct Equal to Comparative Example A-3 . 
Residual potentials 

The electrophotographic photosensitive member 
was Charged to a constant dark-area surface potential 
15 (450 V). Then, this was immediately irradiated with 
relatively strong light (5 Lux-sec) in a constant 
amount of light. Here, the residual potential of the 
electrophotographic photosensitive member was 
measured with a surface potentiometer installed at 
l:he position of the developing assembly. The results 
Obtained were ranked by relative evaluation regarding 
as 100% the value obtained in Comparative Eacample A-3, 
Ai Less than 85%. 

B: From 85% or more to less than 95%, 
Cs Equal to Comparative Exeunple A-3, 
Potential uniformity: 

The electrophotographic photosensitive member 
was Charged to a constant dark-area surface potential 
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(450 V). Then, this was Immediately irradiated vith 
light (0.5 Lux-sec) in a constant amount of light. 
Here, the surface potential of the 
electrophotographic photosensitive member at its 
middle portion in the drum axial direction was 
measured with a surface potentiometer installed at 
the position of the developing assembly. Then, the 
potential distribution in the peripheral direction 
and drum axial direction was measured, and the value 
of a maximum value minus a minimum value was 
calculated. The results obtained were ranked by 
relative evaluation regarding as 100% the value 
obtained in Comparative Example A-3- 
A: Less than 95%. 

B: From 95% or more to less than 105%. 
Cs Equal to Comparative Example A- 3. 
Cost: 

Production time for each photosensitive member 
was calculated « and was regarded as cost for each. 
The VHP system deposition apparatus shown in Fig. 6 
can produce eight electrophotographic photosensitive 
members each time. The RF system deposition apparatus 
shown in Fig. 5 produces one electrophotographic 
photosensitive members each time. The results 
obtained were ranked by relative evaluation regarding 
as 100% the value obtained in Comparative Example A-4. 
A: Less than 85%. 
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B: From 85% or more to less than 95%. 
C: Equal to Comparative Example A- 4. 

Overall evaluation was made by the above methods 
The results are shown in Table A- 5 together with 
those of Comparative Examples A-1^ A- 2, A- 3 and A- 4. 

Comparative Example A-1 

Using the first film- forming chamber shown in 
Fig. 6, the first layer photoconductive layer was 
formed on each cylindrical aluminum substrate of 108 
mm in diameter under conditions shown in Table A-1. 
Subsequently, as the second layer an upper -part 
blocking layer and a surface layer were deposited on 
the first layer under conditions shown in Table A-3. 
The negative -charging photosensitive members thus 
produced were evaluated in the same manner as in 
Example A-1 to obtain the results shown in Table A- 5, 

Comparative Example A- 2 

Using the a-Si photosensitive member film 
formation apparatus shown in Fig. 5, the first layer 
photoconductive layer was formed on a cylindrical 
aluminum substrate of 108 mm in diameter under 
conditions shown in Table A-4. Subsequently, as the 
second layer an upper-part blocking layer and a 
surface layer were deposited on the first layer under 
conditions shown in Table A-2. The negative -charging 
photosensitive member thus produced was evaluated in 
the same manner as in Example A-1 to obtain the 
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results shovm ±n Table A-5. 

Comparative Example A- 3 

Using ttie a- Si photosensitive member film 
formation apparatus shown in Fig. 6, the first layer 
photoconductive layer was formed on each cylindrical 
aluminum substrate of 108 mm in diameter under 
conditions shown in Table A-1. Each substrate on 
which the first layer was formed was moved to the 
second film- forming chamber shown in Fig. 5, in a 
vacuum state by using a transport chamber^ and, in 
this Comparative Example, the upper-part blocking 
layer in the second layer shown in Table A- 2 was not 
formed and only the surface layer was deposited on 
the first layer. Each negative -charging 
photosensitive member thus produced was evaluated in 
the same manner as in Example A-1 to obtain the 
results shown in Table A- 5. 

Comparative Example A- 4 

Using the a- Si photosensitive member film 
formation apparatus shown in Fig. 6, the first layer 
photoconductive layer was formed on each cylindrical 
aluminum substrate of 108 mm in diameter under 
conditions shown in Table The substrate on which 

the first layer was formed was moved to the second 
film-forming chamber shown in Fig. 5, in a vacuum 
state by using a transport chamber, and, as the scond 
layer, an upper -part blocking layer and a surface 
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layer were deposited on tHe first layer under tne 
conditions shown In Table A- 2. Each negative- charging 
photosensitive member thus produced was evaluated In 
the same manner as In Example A-1 to obtain the 
5 results shown In Table A-5. 

Table A- 3 



Source gas and flow rate: 


Upper-part 

blocking 

layer 


Surface 
layer 


SiH* [ml/mln ( normal ) 1 


100 


50 


B2He (ppm) (based on SIH4) 


500 




CH4 C ml / mln ( normal ) ] 


100 


100 


Subslirate tonperature : 






("C) 


240 


200 


Reactor Internal pressure: 






(Pa) 


0.6 


0.6 


High-frequency power: 






(W) 


300 


300 


Layer thickness: 






(Hm) 


0.3 


0.5 



25 
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Table A- 4 

Phot oconduc t ±ve 1 ay er- 



Souirce gas and flow rate: 
5 SxHi [ml/mln ( normal ) ] 400 

H2 (ml/min (normal ) ] 400 
Substrate temperature z 

rc) 240 
Reactor internal pressures 
10 (Pa) 67 

Higli- frequency power: 

(W) 500 
Layer thlclcness : 

ivm) 25 



Table A- 5 

Example compar at 3-ve Examp-Le 
20 Evaluation A-1 A-1 A- 2 A-4 



Nvimber of spherical protuberances: 

C C C C C 

Number of Image defects : 
25 B C C D C 

Charging performance: 

A A A C A 

Residual potential : 

A A A C A 

30 Potential uniformity: 

A A B B B 

Cost: 

A ABAC 

35 

As can be seen from Table A- 5^ the 
photosensitive member of the present invention is 
very improved in the number of dLmage defects, dots, 
even though the number of spherical protuberances are 
40 on the same level as those in Comparative Examples 
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A-1 to A-4, 

In Comparative Example A-1. the VHP system Is 
subsequently employed for the deposition of the 
second layer, where the growth mechanism is Identical, 
5 and the Image defects were little reduced In number* 
Hence, the effect of reducing dots was exhibited only 
a little- In Comparative Example A- 2, the RF system 
is subsequently employed for the deposition of the 
first layer and for the deposition of the second 
10 layer- As the result, since the growth mechanism is 
identical, the image defects were little reduced in 
number . 

It can also be understood that, as shown in 
Example A-1 and Comparative Examples A-1 and A-2, 
15 providing the upper-part blocking layer brings 

improvements in charging perfoxmance and residual 
potentials and the image defects were reduced in 
niimber . 

Example A- 2 

20 Using the first film- forming chamber shown in 

Fig. 6, layers up to a photoconductlve layer were 
deposited as the first layer on each cylindrical 
aluminum substrate of 108 mm in diameter under 
conditions shown in Table A-6. 



25 
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Table A- 6 



Source gas and flow rate: 


Lower -part 

oxocivxng 

layer 


pnotocon- 

QUCHiVd 

layer 


S±H4 [ ml /min ( normal ) ] 


150 


150 


Hz [ml/niin( normal) ] 


150 


150 


B2H4 (ppm) (based on SIH4} 


500 


0.3 


NO Cml/mln( normal ) ] 


10 




Substrate temperature: 








200 


200 


Reactor internal pressure: 






(Pa) 


0-8 


0.8 


Higli- frequency power: 






(W) 


300 


300 


Layer thiclcness: 








3 


30 



20 

Next, in that state, each substrate on whlcli the 
first layer was formed was moved to the second 
film-forming chamber shown in Fig. 5, in a vacuum 
state by using a transport chamber, and as the second 
25 layer an upper-part blocking layer was deposited on 
the first layer under conditions shown in Table A- 7. 
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Table A- 7 



Upper -part blocking Igiyex- 

Source gas and flow rate: 



S±H4 f ml /ra±n( normal) ] 


200 


PH3 (ppm) (based on SIH4} 


1,000 


CH4 [ ml /mln ( normal ) ] 


200 


Substrate temperature : 




(**C) 


240 


Reactor Internal pressure: 




(Pa) 


67 


High-frequency power: 




(W) 


300 


Layer thickness: 




(|xm) 


0, 



The photosensitive members obtained following 
the above procedure were photosensitive members used 

20 under positive charging, and were evaluated in the 
same manner as in Example A-^l, a copying machine 
basing on GP-605 (manufactured by CANON INC.) as a 
test electrophotographic apparatus. The results are 
shown in Table A- 8. 

25 Example A- 3 

Electrophotographic photosensitive members were 
produced in the same manner as in Example A- 2 except 
that each substrata on which the first layer was 
formed was taken out of the first film-forming 

30 chamber and exposed to the atmosphere. Evaluation was 
made in the same manner as in Example A-1 to obtain 
the results shown in Table A-8. 
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Table A- 8 



Example 



Evaluation • a-2 a- 3 

5 

Number of spherical protuberances: 

C C 

Number of Image defects: 

B B 

10 Charging performance: 

A A 

Residual potential: 

A A 

Potential uniformity: 
15 A A 

Cost : 

A A 



20 As can be seen from Table A-8, the effect of the 

present Invention Is obtainable where the unfinished 
photosensitive drum Is moved from the first 
film- forming chamber of a high- vacuum film formation 
system and the second layer is formed in the second 

25 film-forming chamber of an RF-system. Also, when it 
is moved from the first film-forming chamber to the 
second film- forming chamber, it may be moved in 
vacuum or exposed to the atmosphere. 
Example A- 4 

30 Using the first film-forming cheunber shown in 

Fig. 6^ a lower-part blocking layer and up to a 
photoconductive layer were deposited as the first 



2003 07/30 15:45 FAX 



♦ FITZ 



@og8 



- 95 - 



layer on each cylindrical alioininum substrate o£ 108 
ram in diameter under conditions shown in Table A-9. 

Table A-9 



5 



20 



Source gas and flow rate: 


Lower-part 

blocking 

layer 


Photocon- 

ductlve 

layer 


SiH4 [ ml /min ( noimal ) } ] 


200 


200 


PHa (ppm) (based on SiH4) 


1^500 


1,0 


NO [ml/min( normal) J 


10 




Substrate temperature s 






rc) 


200 


200 


Reactor internal pressure: 






(Pa) 


0.8 


0.8 


High-frequency power: 






(W) 


1,000 


2,000 


Layer thickness: 






(Mm) 


3 


30 



Next, each substrate on which the first layer 
was deposited was first taken out of the first 
film-forming chamber into the atmosphere, and then 
25 moved to the second film- forming chamber shown in Fig. 
5 , where as the second layer an upper-part blocking 
layer and a surface layer were deposited on the first 
layer under conditions shown in Table A- 10. 
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Table A- 10 



5 



Souirce gae and flow xate: 


*j_pjpeju " par ^ 

blocking 

layer 


Surface 
layer 


S iH4 [ ml /min ( normal ) ] 


150 


20 


BaHfi (ppm)} (based on SIH4) 


3,000 




CH4 [ ml /mln ( normal ) ] 


* 150 


700 


Substrate temperature 2 








240 


200 


Reactor internal pressure: 






(Pa) 


50 


48 


HI gn- frequency power; 






<W) 


350 


280 


Layer ttilckness: 








0.5 


0-5 



20 The negative-- charging photosensitive members 

obtained following the above procedure were evaluated 
in the same manner as in Example A-1. The results are 
shown in Table A- 11. 
Example A- 5 

25 Using the first film-forming chamber shown in 

Fig* 6r a lower-part blocking layer and up to a 
photoconductive layer were deposited as the first 
layer on each cylindrical aluminum substrate of 108 
mm in diameter under conditions shown in Table A- 9. 

30 Next , each substrate on which the first layer 

was deposited was first taken out of the first 
film-forming chamber into the atmosphere. Then, in 
this Example, at this stage « its surface was polished 
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by means of the polishing apparatus shown ±n Pig. 7, 
to flatten the protuberant portions of the spherical 
protuberances. For this flattening, the polishing was 
so carried out that the height of a protuberance 
5 decreased from about 10 (jun to 0.5 fun or less when 
measured with a laser microscope. 

Next, the substrate on which the first layer- was 
deposited and then polished was cleaned by means of 
the water washing system shown in Fig. 8. Thereafter, 
10 this was moved to the second film- forming chamber 
shown In Fig. 5, where as the second layer an 
upper-pai-t blocking layer and a surface layer were 
deposited on the first layer undezr conditions shown 
in Table A- 10. 

15 The negative -charging photosensitive members 

obtained following the above procedure were evaluated 
in the same manner as in Example A-1. The results are 
shown in Table A- 11. 
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Table A- 11 



Example 



Evaluation A- 4 a-5 

5 

Nximber o£ spherical protuberances: 

C C 

Number o£ Image defects: 

B A 

10 Charging performance: 

A A 

Residual potential: . 

A A 

Potential uniformity: 
15 A A 

Cost : 

A A 



20 As can be seen from Table A- 11, the effect of 

the present invention is obtainable likewise even 
where the lower-part bloclcing layer is provided. It 
has also been found that the effect of reducing image 
defects is more improved when the second layer is 

25 deposited after the the protuberant portions of the 
spherical protuberances have been made flat* 
Example A- 6 

Using the first film-forming chamber shown in 
Fig, 6, a lower-part bloclcing layer and up to a 
30 photoconductive layer were deposited as the first 

layer on each cylindrical aluminum substrate of 108 
mm in diameter under conditions shown in Table A- 12. 
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Table A- 12 



5 



20 



Source gas and flow rate: 


Lower-part 
blocking 


Fnotocon- 
ductlve 


S±H4 Cml/min { normal ) J 


120 


500 


H2 [ ml /mln ( normal ) ] 


360 


1,000 


(ppin) (based on SIH4) 


3,000 


0.5 


NO [ml/rain ( normal ) ] 


5 




Substrate temperature : 






(^C) 


290 


290 


Reactor Internal pressure: 






\ tr<x } 


0.6 


0.7 


High- frequency power: 






(W) 


400 


700 


Layer thickness: 








5 


30 


Next, each substrate on 


which the first layer 


was deposited was first taken 


out of the first 


film-forming chamber Into the 


atmosphere, and then 


cleaned by means of the water 


washing system shown in 


Fig, 8. Thereafter, this was 


moved to the second 


film- forming chamber shown in 


Fig . 5 , where 


as Hhe 



second layer an upper-part blocking layer- and a 
surface layer were deposited on the first layer under 



conditions shown in Table A- 13. In this Example, 
30 photosensitive members A- 6 A to A-6F were produced in 
which their upper-part blocking layers were made to 
be different in layer thickness by changing film 
formation time. 
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Table A- 13 



5 



Source gas and flow rate: 


upper -parr 

bloelct nn 

^ W A 

layer 


layer* 


SIH4 I ml /mm ( normal ) ] 


150 


20 


B2H6 (ppra) (based on S±H4) 


1,000 




CH4 [ ml /rain ( normal ) ] 


500 


600 


Substrate temperature : 






ro 


240 


240 


Reactor internal pressure : 






(Pa) 


80 


80 


High-frequency powez:; 






(W) 


300 


100 


Layer thickness: 








0.001 to 2 


0.5 



20 The negative -charging photosensitive members 

obtained following the above procedure were evaluated 
in the same manner as in Example and also the 

size of the spherical protuberances was further 
evaluated* The whole surface of each photosensitive 

25 member obtained was observed with an optical 

microscope to examine the diameter of the largest 
spherical protuberance. As the result, it was found 
that, under the production conditions in this Example, 
the diameter was about 100 in every photosensitive 

30 member. The ratio of the layer thickness of the 
upper -part blocking layer to the diameter of the 
largest spherical protuberance, thus measured, was 
determined. 

The results of evaluation are shown in Table 
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A--14* As can be seen from Table A- 14, in order- to 
obtain the effect of reducing Image defects In the 
present invention, the layer thickness 10** times or 
more as large as the diameter of the largest 
5 spherical protuberance is preferable as the layer 

thickness of the upper-part blocking layer. Also, the 
effect of reducing image defects was sufficiently 
obtained in respect of the photosensitive member A-6F, 
but a lowering of sensitivity was seen because the 

10 thickness of the upper -part blocking layer is too 

large. Accordingly, it is preferable to control the 
upper limit of the layer thickness to be 1 Mm or less. 
Also, when the cleaning was carried out by means of 
the water washing system before the second layer was 

15 deposited^ the adhesion was, improved. 
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Table A- 14 



10 



15 



30 



Photosensitive member No: 



Example A- 6 



A-6A A-6B A-6C A-6D A-6E A-6F 



Layer thickness of upper-part 
blocking layer : 
([un) 0.001 0.005 0.01 0.1 1 2 

Layer thickness ratio of 

upper-part blocking layer to 

diameter of largest spherical protuberance: 

15<10"* I^IO"* 1X10"* 1X10"^ 1^10'' 2>^10'^ 



Evaluation 

Nijunber of spherical prot uber since s : 

C C C C G C 

Number of image defects; 

20 C C B B B B 

Charging performance: 

B B A A A A 

Residual potential: 

B B A A A A 

25 Potential uniformity: 

A A A A B B 

Cost : 

A A A A A B 



Example A- 7 

Using the first film- forming chamber shown in 
Fig. 6, a lower-part blocking layer and up to a 
photoconductive layer were deposited as the first 
35 layer on each cylindrical aluminum substrate of 108 
mm in diameter under conditions shown in Table A- 15 
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Table A- 15 



Source gas and flow rate: 


Liower-part 
blocking 

tAm^Jf ^ 1., 


Ptiotocon- 
(Suctlve 


S±H4 [ ml /mln( normal) ] 


100 


100 


Ha [ ml /mln ( normal ) ] 


300 


600 


PH3 Cppm] (based on SIH4) 


300 




NO fml/min( normal) ] 


5 




Substrate temperature ; 






("C) 


260 


260 


Reactor Internal pressure £ 






(Pa) 


0.6 


0.8 


High-frequency power: 






(W) 


500 


800 


Layer thickness: 






(fxm) 


3 


25 



Next, each substrate on which the first layer 
was deposited was first taken out of the first 
film-forming chamber into the atmosphere « and then 
cleaned by means of the water washing system shown in 

25 Fig. 8. This was moved to the second f ilm-f oxroing 

chamber shown in Fig. 5, and thereafter the inside of 
the second film- forming chamber was evacuated, where 
as the second layer an upper-part blocking layer and 
a surface layer were deposited on the first layer 

30 under conditions shown in Table A-16- In this Example, 
photosensitive members A-7G to A-7L were produced in 
which the content of Group 13 element B (boron) 
incorporated in the upper -part blocking layer was 
changed • 
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Table A- 16 



5 



Source gas and flow rate: 


upper -part 

DJ.OCKXn9 

layer 


Surface 
layer- 


SIH4 [ ml /mln ( nozmal ) ] 


100 


50 


B2H6 (ppm) (based on SIH4) 


( changed ) 




CH4 [ml/min ( normal ) ] 


500 


500 


Substrate temperature : 








240 


240 


Reactor Internal pressux-e: 






(Pa) 


70 


70 


Higli- frequency power £ 






(W) 


300 


100 


Layer thickness: 






(jun) 


0.3 


0.5 



20 Tiie negative- charging photosensitive members 

obtained following the above procedure were evaluated 
in the same manner as in Example A<-1. 

After the evaluation^ samples were cut out from 
the respective photosensitive members, and SIMS 

25 (secondary ion mass spectroscopy) was conducted to 
examine the B (boron) content in each upper-part 
blocking layer. 

The results of evaluation are shown in Table 
A- 17. As can be seen from Table A-17, it is suitable 

30 for the B (boron) content in each upper-part blocking 
layer to be from 100 atomic ppm to 30,000 atomic ppm« 
Also, when the cleaning was carried out by means of 
the water washing system before the second layer is 
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deposited, the adhesion was Improved. 

Table A- 17 

Example A- 7 



Photosensitive membez- No: 

A-7G A-7H A- 71 A- 7 J A- 7K A- 71- 



B content In 

upper- part blocking layer: 
10 (atomic ppm) 

80 100 1^000 10,000 30,000 35,000 

Evaluation 

Number o£ spherical protuberances: 
15 C C C C C C 

Number o£ image defects: 

C B B B B C 

Charging performance: 

C A A A A C 

20 Residual potential: 

C A A A A C 

Potential uniformity: 

B A A A A B 

Cost : 

25 A A A A A A 



Example A* 8 

Using the first film- forming chamber shown in 
30 Fig. 6, a lower-part blocking layer and up to the 

first region and second region of a photoconductive 
layer were deposited as the first layer on each 
cylindrical aluminum substrate of 108 mm in diameter 
under conditions shown in Table A- 18. 



35 
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Table A- 18 







Liower- 


Fnot ooonduc t ive 






part 


layer 




5 




blocking 


Region Region 






layer 


1 


2 




Source gas and flow rate: 










SIHa [inl/min(nozTnal) ] 


100 


100 


100 




Hi [ ml/inln( normal ) ] 


300 


600 


800 


10 


PH3 (ppm) 


300 








(based on SIK4} 










NO [ ml/mln ( normsuL ) ] 


5 








Substrate temperature: 










(°C) 


260 


260 


260 


15 


Reactor Internal pressure: 










(Pa) 


0.6 


0.8 


0.8 




High-frequency power: 










(W) 


500 


800 


100 




Layer thickness: 








20 


(nm) 


3 


25 


5 



Next, each unfinished photosensitive member thus 
obtained was taken out of the first film- forming 

25 chamber into the atmosphere, and then cleaned by 

means of the water washing system shown in Fig. 8* 
After this unfinished photosensitive member was moved 
to the second film- forming chamber shown in Fig. 5, 
the inside of the second film- forming chamber was 

30 evacuated, where, subsequently, as the second layer 

an upper-part blocking layer and a surface layer were 
deposited on the first layer under conditions shown 
in Table A-19. In this Example, the photosensitive 
members were each so produced that the 

35 photoconductive layer consisted of the first region 
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and the second region. Evaluation was made in tlie 
same manner as in Example A-1. 



Table A- 19 



5 



Souz-ce gas and £low rate: 


Upper- part 

blocking 

layer 


Surface 
layer 


SIHa I ml /mm ( normal ) ] 


150 


20 


BaHs (ppm) (based on SIH4) 


3, 000 




CH4 £ ml /m±n ( normal ) ] 


150 


700 


Substrate temperature: 






rc) 


240 


200 


Reactor Internal pressure: 






(Pa) 


50 


48 


High-frequency power: 






(W) 


350 


280 


Layer thickness: 






(Mm) 


0.1 


0.5 



Example A- 9 

Using the first film-forming chamber shovm in 
Fig. 6, a lower-part blocking layer and up to the 
25 first region of a photoconductive layer were 

deposited as the first layer on each cylindrical 
aluminum substrate of 108 mm in diameter under 
conditions shown in Table A- 20. 



30 
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Table A- 20 



Source gas and flow rate: 
SiH4 [ ml /mln (normal) ] 
10 Ha tml/niin( normal ) ] 

PH3 (ppm) (based on SIH*) 
NO [ ml /min ( normal ) ] 
Substrate temperature : 
("C) 

15 Reactor Internal pressure: 
(Pa) 

High-frequency power: 
(W) 

Layer thickness: 
20 (pm) 



Lower -part 
blocking 
layer 

100 
300 
300 
5 

260 
0.6 



i'noco- 
conductive 

layer 

Region 
1 



100 
600 



260 



0.8 



500 



800 



25 



Next, each unfinished photosensitive member thus 
obtained was taken out of the first film-forming 

25 chamber into the atmosphere, and then cleaned by 

means of the water washing system shown in Fig. 8. 
After this unfinished photosensitive member was moved 
to the second film-forming chamber shown in Fig. 5, 
the inside of the second film- forming chamber was 

30 evacuated, where, subsequently, as the second layer, 
the second region of the phot ©conductive layer, an 
upper-part blocking layer and a surface layer were 
deposited on the first layer under conditions shown 
in Table A-21. In this Example, the layers up to the 

35 first region of the photoconductive layer were formed 
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in the first film-forming chamber, and the layers 
beginning from the second region of the 
photoconductive layer were formed in the second 
film-forming chamber to produce the photosensitive 
5 members . 

Table A- 21 
" Ji'notocon- 



10 




ductlve 
layer 
Region 
2 


Upper 
part 

blocking 
layer 


Surface 
layer 




Source gas and flow rate: 










SiH4 [ ml /min( normal ) ] 


100 


150 


20 


15 


H2 [ml/mln{ normal) ] 


800 








BzHe (ppm) 




3,000 






(based on SIH4) 










CH4 [ ml /m'in ( normal ) ] 




150 


700 




Substrate temperature ; 








20 


Reactor internal pressure 


260 


240 


200 




(Pa) 


45 


50 


48 




High -frequency power: 










(W) 


100 


350 


280 


25 


Layer thickness: 










(Hm) 


5 


0,1 


0.5 



The negative -charging photosensitive members 
obtained following the above procedure were evaluated 
in the same manner as in Example A-l* The results of 
evaluation are shown in Table A-22. As can be seen 
from Table A^22, the effect of the present invention 
is obtainable also when the photoconductive layer is 
divided into the first region and the second region 
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25 



and stiXl also wlien the unfinished photosensitive 
drum Is moved from the first film- forming chamber of 
a high -vacuum film formation system at the stage 
between the first region and the second region to 
carry out film formation in the second film- forming 
chamber of an RF system. 

Table A- 22 

Example 



10 Evaluation a-8 A-9 

Number of spherical protuberances; 

C C 

Number of image defects: 
15 B B 

Charging performance: 

A A 

Residual potential: 

A A 

20 Potential uniformity; 

A A 

Cost: 

A B 



Example A- 10 

Using the first f ilm-f ozroing chamber shown in 
Fig. 6, a lower-part blocking layer and up to a 
photoconductive layer were deposited as the first 
30 layer on each cylindrical aluminum substrate of 108 
mm in diameter under conditions shown in Table A- 23. 
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TabXe A- 23 



10 



15 



20 



25 



30 



10 



15 



20 



25 



30 







TS 4> 

IrnOtOCOn- 




blocking 


ductJLve 


Souarce gas and flow rate: 


layer 


Xayez" 




SIH4 [ml/min (normaX) J 


80 


400 


H2 [ ml /mln ( nozmal ) 1 


300 


800 


PH3 (ppm) (based on SiH^) 


2,500 


0.3 


NO [ ml /min ( normal ) ] 


4 




Substrate temperature ; 






("C) 


280 


280 


Reactor Internal pressure: 






(Pa) 


0.6 


0.7 


High-frequency power; 






(W) 


400 


1.000 


Layer thickness: 






(tun) 


2 


28 



Next, each substrate on which the first layer 
was deposited was first taken out of the first 
film- forming chamber into the atmosphere. Then, in 
this Example, at this stage, its surface was polishe 
by means of the polishing apparatus shown in Fig. 7, 
to flatten the protuberant portions of the spherical 
protuberances. Thereafter, this was cleaned by means 
of the water washing system shown in Fig, 8. Then^ 
the substrate on which the first layer was deposited 
having been polished and cleaned, was moved to the 
second film-forming chamber shown in Fig. 5, where a^ 
the second layer an upper-part blocking layer and a 
surface layer were deposited on the first layer undea 
conditions shown in Table A- 24. In this Example, 
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Mjn in every photosensitive member of A-lOA to A-IOF. 
Tlie ratio of the layer thickness of the upper-part 
blocking layer to the diameter of the Isirgest 
spherical protuberance was determined. 
5 The negative -charging photosensitive members 

obtained were evaluated in the same manner as in 
Example A-1, and evaluation was further made on dLmage 
defects after running (extensive operation) • 
Image defects after running: 

1^ "^l^e electrophotographic photosensitive members 

obtained were each set in the electrophotographic 
apparatus to conduct a 100,000-sheet continuous paper 
feed running test in A4-si2:e paper lateral feed. 
After the 100,000-sheet paper feed running, copies of 

15 an A3 -size white blank original were taken. The 
images thus obtained were observ^ed to count the 
number of black dots coming from spherical 
protuberances of 0,3 mm or more in diameter. 

The results obtained were ranked in comparison 

20 with the number of black dots on images before paper 
feed running. 

A: Any image defects are seen not to have worsened 
even after the running. Very good. 
B: Image defects have slightly worsened, and 
25 increasing by less than 10%. Good. 

C: Image defects are seen to have increased by 10% or 
more to less than 20%, but no problem in practical 
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use. 

The results o± evaluation are shown in Table 
A-25. As can be seen from Table A-25, It has been 
found preferable, ±n order to obtain the effect of 
reducing image defects in the present invention, to 
flatten the protuberant portions of the spherical 
protuberances present at the surface of the first 
layer and also to make the upper-part blocking layer 
have a layer thic3cness 10"* times as large as the 
diameter of the largest spherical protuberance. Also, 
the effect of reducing image defects was sufficiently 
obtained in respect of the photosensitive member 
A-IOF, whose upper-part blocking layer was 1.5 \im 
thick, but a lowering in sensitivity was a little 
seen. Thus, it is found preferable that the upper 
limit of the layer thicJcness is so controlled as to 
be 1 pm or less. 



Table A- 2 5 



Example A- 10 



Photosensitive member Nor 

A-lOA A-lOB A-IOC A-IQD A-lOE A-IOF 



Layer thickness of upper-part blocking layer; 

(\jm) 0.004 0.008 0.1 0.5 1 1.5 

Layer thickness ratio o£ 

upper-part blocking layer to 

diameter of largest spherical protuberance; 

1X10"= 1X10-^ 1,3 6.3 1.3 1.9 

xiO"^ xiO'^ xiO"^ xio-=* 

Evaluation 

Number of spherical protuberances: 

C C C C C C 

Number of image defects: 

B A A A A A 

Number of image defects after running: 

B A A A A A 

Charging performance: 

B A A A A A 

Residual potential: 

B A A A A A 

Potential uniformity: 

A A A A B B 

Cost: A A A A A B 



Example B-1 

Using the a-Si photosensitive member film 
formation apparatus (first film- forming chamber) 
shown in Fig. 6, a photoconductive layer was 
deposited as the first layer on each cylindrical 
aluminum substrate of 108 ram in diameter under 
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conditions shown In Table 

Table B-1 



Photoconductlve layer- 

Source gas and flow rate; 

SiH4 [ ml/min ( normal ) ] 20 0 

[ ml /mln ( normal ) ] 400 
Substrate temperature: 

rC) 240 
Reactor internal pressure: 

(Pa) 0.7 
High-frequency power: 

(W) (105 MHz) 500 
Layer thickness: 

(M™) 25 



Next« each unfinished photosensitive member 
obtained was moved to the second film-forming chamber 
shown in Fig. 5, in a vacuvim state by using a 
transport chamber, and as the second layer an 
upper-part blocking layer and a surface layer were 
deposited on the first layer under conditions shown 
in Table B-2, 



Table B-2 



SouxTce gas and flow z'atie : 


Upper - Dart 

blocking 

layer 


Surface 
layer 


SIH4 [ ml /inln ( noxroal ) ] 


200 


0 


B2H6 (ppm) (base<5 on SIH4) 


1, 000 


0 


CH4 [ ml /rain ( normal ) ] 


200 


100 


Substrate temperature: 








220 


220 


Reactor internal pressure; 






(Pa) 


67 


67 


High-frequency power: 






(W) (13.56 lAHz) 


300 


1.000 


Layer thlcJcness ; 






(MJn) 


0 . 3 


0-5 



The photosensitive members obtained following 
the above procedure were photosensitive members used 
under negative charging, and were evaluated in the 
same manner as in Example A-1 in respect of the 
number of spherical protuberances , the image defects , 
the charging performance^ the residual potential, the 
potential uniformity and the cost. 

Note, however, that with regard to the results 
obtained the photosensitive members were ranked and 
assorted by relative comparison regarding as 100% the 
value obtained in Comparative Example B-2, as in 
Example A-1. Here, with regard to the cost, 
evaluation was made by relative comparison regarding 
as 100% the value obtained in Comparative Example B-l. 
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- Evaluation Ranks In Examples B <- 

Number* of splierlcal protuberances s 
A: From 35* or more to less tlian 65%. 
B; From 65% or more to less tlian 95%. 
5 C: Equal to Comparative ExampXe B-2. 
D: 105% or more. 

Image defects : 
A: From 35% or more to less than 65%. 
B: From 65% or more to less than 85%. 
10 C: From 85% or more to less than 95%. 
D: Equal to Comparative Example B-2. 

Charging performance: 
A: 115% or more. 

B: From 105% or more to less than 115%. 
15 C: Equal to Comparative Example B-2. 
Residual potential: 
A: Less than 85%. 

B: From 85% or more to less than 95%. 
C: Equal to Comparative Example B-2. 
20 Potential uniformity: 

A: Less than 95%. 

B: Equal to Comparative Example B-2. 
C: From 105% or more to less than 110%. 
D: 110% or more. 
25 Cost: 

A: Less than 85%. 

B: From 85% or more to less than 95%. 
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C: Equal to Comparative Example B-1. 
D: 105% or more. 

Overall evaluation was made by the above methods. 
The results are shown in Table B-4 together with 
5 those of Comparative Examples B-1. 
Comparative Example B-1 

Using the a-^Si photosensitive member film 
formation apparatus shown in Pig, 5, the first layer 
photoconductive layer was formed on a cylindrical 

10 aluminum substrate of 108 mm in diameter under 

conditions shown in Table B-3* Subsequently, without 
proceeding with the second step, as the second layer 
an upper- pair t blocking layer and a surface layer were 
deposited on the first layer. 

15 The negative -charging photosensitive member thus 

produced was evaluated in the same manner as in 
Example B-1 to obtain the results shown in Table B-4. 
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Table B-3 



~~ upper- 
Photocon- part 

ductlve blocking Surface 

layer layer layer 

Source gas and £low rate; 

S±H4 [ml/inin(normal) 3 400 200 0 

H2 [ ml /inln( normal ) ] 400 o 0 

B2H« (ppm) 0 1,000 O 

(based on SiH4) 

CH4 [ml/rain (normal) 3 0 200 100 
Substrate temperature: 

C^C) 240 220 220 
Reactor internal pressure: 

(Pa) 67 67 67 
High -frequency power: 

(W) (13.56 MHz) 500 300 1,000 
Layer thickness: 

(t«n) 25 0.3 0.5 



Comparative Example B-2 

As with "Comparative Example B-1 but using the 
a-Sl photosensitive member film formation apparatus 
shown in Fig. 6, the first layer photoconductlve 
layer was formed on each cylindrical aliomlnum 
substrate of 108 mm In diameter under conditions 
shown in Table B-l, Each unfinished photosensitive 
member with the first layer thus deposited was first 
taken out of the first film-forming chamber, and then 
moved to the second film-forming chamber shown in Fig. 
5. In this Comparative Example, the second layer 
upper-part blocking layer in the second layer shown 
in Table B-2 was not formed and only the surface 
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layer was deposltied on the first layer. 

Each negative-charging photosensitive member 
thus produced was evaluated in the same manner- as in 
Example B-1 to obtain the results shown in Table B-4- 
5 Table B-4 

" comparative 

Example Example 

Evaluation b-1 B-1 B-2 

10 

Number of spherical protuberances: 

C 

Number of image defects: 

B 

15 Charging performance: 

A 

Residual potential: 

A 

Potential uniformity: 
20 A 
Cost: 

A 



C C 

C D 

A C 

A C 

A B 

C A 



25 As can be seen from Table the 

photosensitive member of the present invention is 
very improved in the number of image defects, dots, 
even though the number of spherical protuberances are 
on the same level as those in Comparative Examples 

30 B-1 and B-2. 

In Comparative Example B-1, the RP system was 
subsequently employed for the deposition of the first 
layer and second layer, where the growth mechanism is 
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identical, and the Image defects were little reduced 
in number- Hence, the effect of reducing dots was 
exhibited only a little. In Comparative Example B-2, 
the second layer was deposited by the RF system after 
the first layer has been deposited by the VHF system. 
Since, however, the upper-part blocking layer was not 
provided, the image defects were little reduced in 
number . 

In particular, it is understandable that 
providing the upper-part blocking layer brings 
improvements in charging performance and r-esidual 
potential, and the image defects were reduced in 
number • 

Example B-2 

Using the first fi2jti- forming chamber shown in 
Fig. 6, a photoconductive layer was deposited as the 
first layer on each cylindrical aluminum substrate of 
108 mm in diameter under conditions shown in Table 
B-5, to produce unfinished photosensitive members. 
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Table B-5 





Lower -part 


Photocon- 




blocking 


ductlve 




layer 


layer 






oxri4 I uix / mxri \ noxiTistx / J 


150 


150 




150 


150 


B2He (ppm) (based on SxH^) 


500 


0,3 


NO [ml/min(noxTiial) ] 


10 


0 


CH4 [ ml /mln ( normal ) ] 


0 


0 


Substrate temperature: 








200 


200 


Reactor Internal pressure: 






(Pa) 


0.8 


0*8 


High-frequency power: 






(W) (105 MHz) 


300 


300 


Layer thickness ; 








3 


30 



Next, in that state, each unfinished 
photosensitive member with the first layer thus 
deposited was moved to the second film- forming 
chamber shown in Fig. 5, in a vacuum state by using a 
transport chamber, and as the second layer an 
upper-part blocking layer was deposited on the first 
layer under conditions shown in Table B-6. 
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Table B-6 





upper -part 






blocking 


Surface 




layer 


layer 




S±H4 [ml/min { normal ) 1 


200 


0 


PHj (ppm) (based on SIH4) 


1, 000 


0 


CH4 [ml/min ( normal ) ] 


200 


100 


Substralie temperatuire : 






(^C) 


240 


240 


Reactox* Internal pressure: 






(Pa) 


67 


67 


High-frequency power; 






(W) (13,56 MHz) 


300 


1,000 


Layer thickness: 




(urn) 


0-3 


0.5 



The photosensitive members obtained following 
the above procedure were photosensitive members used 
under positive charging, and were evaluated in the 
same manner as in Example B-l, using for the 
evaluation a copying machine basing on GP-605 
(manufactured by CANON INCOr as a test 
electrophotographic apparatus. The results are shown 
in Table B-7. 

Example B-3 

Electrophotographic photosensitive members were 
produced in the same manner as in Example B-2 except 
that the unfinished photosensitive member was taken 
out of the first film- forming chamber and exposed to 
the atmosphere. Thereafter, each unfinished 
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photosensitive member was moved to the second 
film-forming chamber^ and the second layer was 
deposited on the first layer. 

The photosensitive members thus produced were 
evaluated in the same manner as in Example B-1 to 
obtain the results shown in Table B-?. 

Table B-7 



Example 



Evaluation 3^2 B--3 

Number of spherical protuberances: 

C c 

Number of image defects: 

B B 

Charging performance: 

A A 

Residual potential; 

A A 

Potential uniformity; 

A A 

Cost : 



A A 



As can be seen from Table B-7^ the effect of the 
present invention is obtainable where the unfinished 
photosensitive 6xxm is moved from the first 
film-forming chamber of a high-vacuum film formation 
system and the second layer is formed in the second 
film -forming chamber of an RF- system. When it is 
moved from the first film- forming chamber to the 
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second f llra-f orming chamber, it may be moved In 
vacuum or exposed to the atmosphere. 
Example B-4 

Using the first film- forming chamber shown in 
Fig, 6, a photoconductive layer was deposited as the 
first layer on each cylindrical aluminum substrate of 
108 mm in diameter under the conditions shown in 
Table B-1, to produce unfinished photosensitive 
members. Each unfinished photosensitive member with 
the photoconductive layex thus deposited was first 
taken out of the first film- forming chamber. Then^ in 
the same manner as in Example B-1, the surface of the 
unfinished photosensitive member was observed with a 
microscope to count the number of spherical 
protuberances^ and the results were ranJced. 

Thereafter, those having ranks C and D for the 
number of spherical protuberances were picked out, 
and the unfinished photosensitive members were each 
set in the second film-forming chamber shown in Fig. 
5- Then, an upper-part blocking layer and a surface 
layer were deposited under the conditions shown in 
Table B-2, 

The photosensitive members thus produced were 
evaluated in the same manner as in Example B-1 to 
obtain the results shown in Table B-9. 

Example B-5 

Among the unfinished photosensitive members each 
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having the photoconductive layer deposited as the 
first layer in Example those having ranks C and 

D for the number of spherical protuberances were 
picked out, and the unfinished photosensitive members 
were each set in the second film- forming chamber 
shown m Fig. 5. Then, an upper-part blocking layer 
and an a-SiC surface layer were deposited under 
conditions shown in Table B-8. 

Table B-8 



Source gas and flow rate: 


Upper- part 

blocking 

layer 


Surface 
layer 


SIH4 [ml/min(nozrmal) 1 


200 


20 


B2H6 (ppm) (based on SiH4) 


1,000 


0 


CH4 [ ml /min ( normal ) ] 


200 


700 


Substrate temperature; 








240 


240 


Reactor internal pressure: 






(Pa) 


67 


67 


High-frequency power: 






(W) (13.56 MHz) 


300 


280 


Layer thickness: 






(Jim) 


0,3 


0.5 



The photosensitive members thus produced were 
evaluated in the same manner as in Example B-1 to 
obtain the results shown in Table B-9. 
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Table B-9 



Example B-4 Example 
Before After- Before After 
depo- depo- depo- depo- 
sition sltloix sit Ion sltlon 
Number of spherical protuberances: 

CDCD CDCD 
Number of Image defects: 

CDAB CDBC 

Charging performance i 

AAAA AAAA 

Residual potentials 

AAAA AAAA 

Potential uniformity: 

AAAA AAAA 

Cost: 

AAAA AAAA 



In Table B-9; 

"Before deposition": Evaluation of the rank C and 
rank D photosensitive members before the upper-part 
blocking layer and the surface layer were deposited. 

"After deposition": Evaluation of the rank C and rank 
D photosensitive members after the upper-part 
blocking layer and the surface layer were deposited. 

As shown in Table B-9, the photosensitive 
members with the upper-part blocking layer and the 
surface layer deposited thereon can remedy image 
defects, as compared with the photosensitive members 
before they are deposited. Further, the use of the 
a-C:H surface layer as the surface layer brought such 
a result that even image defects on a bad level were 
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greatly remedied. 
Example B-6 

Using the first film- forming chamber shown in 
Fig. 6, a lower-part blocking layer and up to a 
photoconductive layer were deposited as the first 
layer on each cylindrical altiminum substrate of 108 
mm in diameter under conditions shown in Table B-10 

Table B-10 





JUower-part 


i'notocon- 




blocking 


ductlve 


Source gas and flow rate; 


layer 


layer 




SiH4 [ml/min ( normal ) ] 


200 


200 


PH3 (ppm) (based on SiH*) 


1,500 


1.0 


NO [ml/min (normal) ] 


10 


0 


Substrate temperature: 








200 


200 


Reactor internal pressure: 






(Pa) 


0.8 


0-8 


High-frequency power; 






(W) (100 MHz) 


1,000 


2^000 


Layer thic3cness: 






(Jim) 


3 


30 



Next, each unfinished photosensitive member with 
the first layer thus deposited was first taken out of 
the first film-forming chamber into the atmosphere, 
and then moved to the second film-forming chamber 
shown in Fig. 5, where as the second layer an 
upper-part blocking layer and a surface layer were 
deposited on the first layer under conditions shown 
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In Table B-ll. 



Table 8-11 





— pan. 






blocking 


Surface 


Sour-ce gas and flow rate: 


layer 


layer 


SiH4 [ml/min ( normal ) ] 


150 


0 


(ppm) (based on SiH4) 


3,000 


0 


CH4 I ml /mm { normal ) ] 


150 


100 


Substrate temperature: 




("C) 


240 


200 


Reactor Internal pressure: 




(Pa) 


50 


48 


High-frequency power: 




(W) (13,56 MHz) 


350 


1,000 


Layer thickness: 




(Mm) 


0,5 


0.5 



The negative- charging photosensitive members 
obtained following the above procedure were evaluated 
in the same manner as in Example B-1. The results are 
shown in Table B-12 together with the results in 
Example B-7. 

Example B-7 

Using the first film-forming chamber shown in 
Fig. 6, a lower-part blocking layer and up to a 
photoconductive layer were deposited as the first 
layer on each cylindrical aluminum substrate of 108 
mm in diameter under conditions shown in Table B-10, 
to produce unfinished photosensitive members. 

Next, each unfinished photosensitive member with 
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the first layer thus deposited was first taken out of 
the first film- forming chamber into the atmosphere. 
Then, in this Example, at this stage, its surface was 
polished by means of the polishing apparatus shown in 
Fig. 1 , to flatten the protuberant portions of the 
spherical protuberances. Next, this unfinished 
photosensitive member was cleaned by means of the 
water washing system shown in Fig. 8. Thereaifter, 
this unfinished photosensitive member was moved to 
the second film- forming chamber shown in Fig. 5. 
where as the second layer an upper-part blocking 
layer and a surface layer were deposited on the first 
layer under conditions shown in Table B-li. 

The negative -charging photosensitive members 
obtained following the above procedure were evaluated 
in the same manner as in Example B-1. The results are 
shown in Table B-12 together with the results in 
Example B-6. 

Table B-12 



Evaluation 


Example 
B-6 B-7 


Nximber of splierical protuberances: 




Number of Image defects: 


c c 


Charging performance: 


B A 


Residual potential: 


A A 


Potential uniformity: 


A. A 


Cost: 


A A 
A A 
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As can be seen from Table B-12, the effect of 
the present invention Is obtainable likewise also i 
the case of the negative -charging photosensitive 
members. It has also been found that the effect of 
reducing image defects is more improved when the 
second layer is deposited after the the protuberant 
portions of the spherical protuberances have been 
made flat. 

Example B-8 

Using the first film-forming chamber shown in 
Fig. 6. a lower-part blocking layer and up to a 
photoconductive layer were deposited as the first 
layer on each cylindrical aluminiam substrate of 108 
mm in diameter under conditions shown in Table B-13. 



Table B-13 



Source gas and flow rate: 
SiH* t ml /min( normal ) ] 
H2 tml/min ( normal ) ] 
**H3 (ppm) (based on SiH4) 
NO [ml/roin( normal ) ] 



i-ower-part Photocon- 
blocking ductive 
layer layer 



120 
360 
3,000 
5 



500 
1,000 



0.5 
0 



Substrate temperature: 

rc) 



290 



290 



Reactor internal pressure; 
(Pa) 



0.6 



0.7 



High-frec|[uancy power: 
(W) (105 MHz) 



400 



700 



Layer thickness: 
(fijm) 



5 



30 
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Next, each unfinished photosensitive member with 
the first layer thus deposited was first taken out of 
the first film-forming chamber into the atmosphere, 
and then the unfinished photosensitive member cleaned 
by means of the water washing system shown in Fig. 8. 
Thereafter, this unfinished photosensitive member was 
moved to the second film-forming chamber shown in Pig. 
5. where as the second layer an upper-part blocking 
layer and a surface layer were deposited on the first 
layer under conditions shown in Table B-14. In this 
Example, photosensitive members B-8A to B-8F were 
produced whose upper -part blocking layers were so 
formed as to be different in layer thickness by 
changing film formation time for the upper-part 
blocking layer. 

Table B-14 





upper- part 






blocking 


Surface 


Souirce gas and flow rate: 


layer 


layer 




SiH4 C ml /mln( normal) ] 


150 


0 


B2H6 (ppm) (based on SiH4) 


10,000 


0 


CH4 [ ml /mln ( normal ) ] 


500 


100 


Substrate temperature z 






rc) 


240 


240 


Reactor Internal pressure: 






(Pa) 


80 


80 


High-frequency power: 






(W) (13.56 MHz) 


300 


100 


Layer thickness: 








0.001 to 2 


0.5 
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The negativo-cnarging photosensitive members 
obtained f oliowing the above procedure were evaluated 
in the same manner as in Example B-1, and also the 
size of the spherical protuberances was further 
evaluated. The whole surface of each photosensitive 
member obtained was observed with an optical 
microscope to examine the diameter of the largest 
spherical protuberance. As the result, it was found 
that, under the production conditions of this Example, 
the diameter was about 100 \jm in every photosensitive 
member • The ratio of the layer thickness of the 
upper-part blocking layer to the diameter of the 
largest spherical protuberance, thus measxu-ed, was 
determined . 

The results of evaluation are shown in Table 
B-15» As can be seen from Table B-15, in order to 
obtain the effect of reducing image defects in the 
present invention, the layer thickness lO'* times or 
more as large as the diameter of the largest 
spherical protuberance is preferable as the layer 
thickness of the upper-part blocking layer. Also, the 
effect of reducing image defects was sufficiently 
obtained in respect of the photosensitive member B-8P, 
but a lowering of sensitivity was seen because the 
thickness of the upper-part blocking layer was too 
large. Thus, it is found preferable to control the 
upper limit of the layer thickness to be 1 (im or less. 
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10 



Also, when the cleaning was carried out by means of 
the water washing system before the second layer is 
deposited, the adhesion was improved. 

Table B-15 



Example B-8 



Photosensitive member No: 

B'SA B-8B B-8C B~8D B-8E B-8F 

Layer thickness of upper-part 
blocking layer: 
(|wro) 0.001 0.005 0.01 0.1 1 2 

Layer thickness ratio of 
15 upper-part blocking layer to 

diameter of largest spherical protuberance: 

ixiO'* 5x10-= 1X10"* ixio'^ 1X10-2 2X10-* 

Evaluation 

20 Number of spherical protuberances: 

C C c C C c 

Number of image defects: 

C C B B B B 

Charging performance: 

25 B B A A A A 

Residual potential: 

B B A A A A 

Potential uniforroity: 

A A A A B B 

30 Cost: 

A A A A A B . 
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Example B-9 

Using the first film- forming chamber shovm In 
Pig. 6. a lower-part blocking layer and up to a 
photoconductive layer were deposited as the first 
layer on each cylindrical aluminum substrate of 108 
mm in diameter under conditions shown in Table B-16, 
to produce xinfinished photosensitive members. 

Table B-16 





Lower -part 


i^horocon- 




blocking 


ductive 


Souirce gas and flow rate: 


layer 


layer 




SiH* CniX/mln{ normal) J 


100 


100 


Ha [ml /min ( n o rmal ) ] 


300 


600 


PH3 [ppm] (based on S^H^) 


300 


0 


NO [ ml/mln ( normal ) ] 


5 


0 


Substrate temperature: 








260 


260 


Reactor internal pressure : 






(Pa) 


0.6 


0.8 


Higli- frequency power: 






(W) (105 MHz) 


500 


800 


Layer thickness: 






(iLim) 


3 


25 



Next, each unfinished photosensitive member was 
taken out of the first film-forming chamber into the 
atmosphere, and then cleaned by means of the water 
washing system shown in Fig. 8, This unfinished 
photosensitive member was moved to the second 
film-forming chamber shown in Fig. 5, and thereafter 
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the inside of the second film- forming chamber was 
evacuated, where as the second layer an upper-part 
blocking layer and a surface layer were deposited on 
the first layer under conditions shown in Table B-17, 
In this Example, photosensitive members B-9G to B-9I. 
were produced in which the content of Group 13 
element B (boron) incorporated in the upper-part 
blocking layer was changed by varying the 
concentration of the source gas BaHe. 

Table B-17 



upper -part 





blocking 


Surface 


SouiTce gas and flov rate: 


layer 


layer 




SiH4 [ml/min( normal) ] 


100 


50 


Ha [ml/in±n( normal) ] 


0 


0 


BaHe (ppm) (based on SiH4) 


(changed) 


0 


NO [ ml /min( normal) ] 


0 


0 


CH4 [ml/m±n { normal ) ] 


500 


500 


Substrate temperature : 




("C) 


240 


240 


Reactor internal pressure; 






(Pa) 


70 


70 


High-frequency power: 






(W) (13.56 MHz) 


300 


100 


Layer tlilcJcnessz 




(nxn) 


0,3 


0.5 



The negative-charging photosensitive members 
obtained following the above procedure were evaluated 
in the same manner as in Example B-1. 

After the evaluation, samples were cut out from 
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10 



the respective photosensitive members, and SIMS 
(secondary ion mass spectroscopy) was conducted to 
examine the B (boron) content In each upper-part 
blocking layer. 

The results of evaluation are shown In Table 
B-18. As can be seen from Table B-18, It is suitable 
for the B (boron) content in each upper-part bloclclng 
layer to be from 100 atomic ppra to 30,000 atomic ppm. 
Also, when the cleaning was carried out by means of 
the water washing system before the second layer is 
deposited, the adhesion was Improved. 

Table B-18 

Example B-9 

IS Photosensitive member Not 

B-9G B-9H B-9I B-9J B-9K B-9I. 
B content in 

upper-part blocking layer: 
(atomic ppm) 

20 80 100 1,000 10,000 30,000 35,000 

Evaluation 

Number of spherical protuberances : 



25 



30 



Cost ; 



c c 


C 


C 


C 


C 


' image defects: 










C B 


B 


B 


B 


c 


performance : 










C A 


A 


A 


A 


c 


potential ; 










C A 


A 


A 


A 


c 


uniformity: 










B A 


A 


A 


A 


B 


A A 


A 


A 


A 


A 
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Example B-10 

Using the first film- forming chamber shown in 
Fig. 6, a photoconductive layer was deposited as the 
first layer on each cylindrical aluminum substrate of 
108 mm in diameter under the conditions shown in 
Table B-1, to produce unfinished photosensitive 
members. Each unfinished photosensitive member with 
the photoconductive layer thus deposited was first 
taken out of the first film-forming chamber. Then, in 
the same manner as in Example B-1, the surface of the 
unfinished photosensitive member was observed with a 
microscope to count the number of spherical 
protuberances, and the results were ranked. 

Thereafter, those having ranks C and D for the 
number of spherical protuberances were picked out, 
and the surfaces of the unfinished photosensitive 
members were each polished by means of the polishing 
apparatus shown in Fig. 7, to flatten the protuberant 
portions of the spherical protuberances. Here, the 
polishing tdLme by which the surface of the unfinished 
photosensitive member became perfectly flat was 
measured. Thereafter, unfinished photosensitive 
members were produced in which the polishing time was 
changed under the same polishing conditions - 

Where the time by which the surface was 
completely polished is regarded as 100, unfinished 
photosensitive members in which the polishing time 
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was 50 and 10 were produced, and these unfinished 
photosensitive members were cleaned by means of the 
water washing system shown in Fig. a. Thereafter, 
these unfinished photosensitive member were each 
moved to the second film- forming chamber shown in Fig 
5, where as the second layer an upper-part blocking 
layer and a surface layer were deposited on the first 
layer under the conditions shown in Table B-2. 
Example B-11 

The same unfinished photosensitive members as 
those in Example B-lo and in which the polishing time 
was changed following the seune procedure as in 
Example B-10 were cleaned by means of the water 
washing system shown in Fig. 8. Thereafter, these 
unfinished photosensitive member were each moved to 
the second film-forming chamber shown in Fig. 5, 
where as the second layer an upper-part blocking 
layer and an SiC type surface layer were deposited on 
the first layer under the conditions shown in Table 
B-8. 

The photosensitive members produced in Examples 
B-10 and B-11 were evaluated in the same manner as in 
Example B-1. The results are shown together in Table 
B-19. 
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Table B-19(A) 



Evaluation 



Pollslilng t±mer 
Number of spherical 
protuberances : 
Image defects: 
Cnarging performance: 
Residual potential: 
Potential uniformity: 
Cost: 



jlxample B-10 



100 



C 

c 

A 
A 
A 
A 



D 
D 
A 
A 
A 
A 



Before deposition 



50 



C 
C 
A 
A 
A 
A 



D 
D 
A 
A 
A 
A 



10 



c 
c 

A 
A 
A 
A 



D 
D 
A 
A 
A 
A 



None 



C 

c 

A 
A 
A 
A 



D 
D 
A 
A 
A 
A 



After deposition 



Polishing time: iqq 50 10 

Number of spherical 



None 



protuberances; CDCDCDCD 

Image defects: AAAAABAB 

Charging performance: AAAAAAAA 

Residual potential: AAAAAAAA 

Potential uniformity: AAAAAAAA 

^ost: AAAAAAAA 
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Table B- 19(B) 



Evaluation 



Polishing times 
Niimber of sphearical 
px-otuberances : 
Image defects: 
Charging performance r 
Residual potential: 
Potential uniformity: 
Cost : 



Example B-11 



Before deposition 



100 



C 

c 

A 
A 
A 
A 



D 
D 
A 
A 
A 
A 



50 



C 
C 
A 
A 
A 
A 



D 
D 
A 
A 
A 
A 



10 



C 
C 
A 
A 
A 
A 



D 
D 
A 
A 
A 
A 



None 



C 
C 
A 
A 
A 
A 



D 
D 
A 
A 
A 
A 



Polishing time: 
Number of spherical 
protuberances : 
Image defects: 
Charging performance: 
Residual potential: 
Potential uniformity: 

Cost : 



After deposition 



100 



C 
A 
A 
A 
A 
A 



D 
B 
A 
A 
A 
A 



50 



C 
B 
A 
A 
A 
A 



D 
C 
A 
A 
A 
A 



10 



C 
B 
A 
A 
A 
A 



D 
C 
A 
A 
A 
A 



None 



C 
B 
A 
A 
A 
A 



D 
C 
A 
A 
A 
A 



In Table B-19; 

•Before deposition": Evaluation of the rank C and 
rank D photosensitive members before the upper-part 
blocking layer and the surface layer were deposited. 



"After deposition-: Evaluation o£ the rank C and rank 
D photosensitive members after the upper-part 
blocking layer and the surface layer were deposited. 

As shovm in Table B-19. the image defects are 
remedied when the upper-part blocking layer and the 
surface layer are deposited in the second 
film - forming chamber after the photoconductive layer 
has been formed in the first film- forming chamber and 
after the surface of the unfinished photosensitive 
member has been made flat . 

In addition, the use of the a-C:H surface layer 
as the surface layer has brought improvements of the 
level of image defects dots even when the 
photosensitive member surface is not made perfectly 
flat. This is presumed to be that since the surface 
layer is formed of a-CsH, electric charges are 
sufficiently kept from slipping through the 
boundaries between the spherical protuberances and 
the normal portion even if spherical protuberances 
with large height are present. 
Example C-1 

Using the photosensitive member film formation 
apparatus of a VHP plasma-assisted CVD system, the 
first film-forming chamber, shown in Pig. 6. a 
photoconductive layer formed of at least a 
non-single-crystal material and a silicon carbide 
layer formed of a n on -single -crystal material 
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containing at least carbon and silicon were deposited 
as the flxst layer on each cylindrical aluminum 
substrate of loe mm In diameter under conditions 
shown in Table C-1, to produce unfinished 
photosensitive members. 

Next, each unfinished photosensitive member with 
the first layer thus deposited was moved to the 
photosensitive member film formation apparatus of an 
RF plasma-assisted CVD system, the second 
film- forming chamber shown in Pig. 5, in a vacuiam 
state by using a transport chamber, and as the second 
layer, an upper-part blocking layer was deposited on 
the first layer and then a surface layer formed of a 
non-single-crystal material composed chiefly of 
carbon atoms was deposited on the upper-part blocking 
layer under conditions shown in Table C-2. Thus, 
electrophotographic photosensitive members were 
produced . 

The photosensitive members obtained following 
the above procedure were photosensitive members used 
under negative charging, and were evaluated in the 
same manner as in Example A-1 in respect of the 
number of spherical protuberances, the image defects, 
the charging performance, the residual potential, the 
potential uniformity and the cost. Note, however, 
that with regard to the the number of spherical 
protuberances and the image defects the evaluation 
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was made by relative comparison regarding as 100% the 
value obtained In Comparative Example c-2; with 
regard to the charging perfoxmance, the residual 
potential and the potential uniforroity, by relative 
comparison regarding as 100% the value obtained in 
Comparative Example C-3; and with regard to the cost, 
by relative comparison regarding as 100% the value 
obtained in Comparative Exait^le C-4. 

The results of evaluation are shown in Table C-7 
together with those in Comparative Examples C-1, C-2, 
C-3 and C-4. 

Table C-1 



Source gas and flow rate: 
SiH4 [ml/min ( normal ) ] 
Ha [ ml /min ( normal ) 3 
CH4 [ml /min ( normal ) ] 

Substrate temperature: 

Reactor internal pressure: 
(Pa) 

High-frequency power: 
(W) 

Layer thickness: 
(|Lun) 



first iayer 

Photocon- Silicon 

ductive carbide 

layer layer 

200 60 
400 

120 

240 220 

0.7 0.7 

500 600 

25 0.5 
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Table C-2 



Source gas and flow rate: 
SiH4 [ml/min(nozTnal) ] 
B2H6 (ppxR) (based on SiH4) 
CH4 [ ml /mln ( normal ) ] 

Substrate temperature: 
(^C) 

Reactor Internal pressure: 
(Pa) 

High-frequency power: 
(W) 

Layer thickness? 
(Mm) 



%>econci xayer 
Upper -part 
blocking Surface 
layer layer 



200 
1^000 
200 

220 

67 

300 

0.3 



1,000 
100 
67 
200 
0.5 



Cross-hatching and heat shock were further 
evaluated by the methods described below. 

- Evaluation Ranks of Examples C - 

Number of spherical protuberances: 
A: From 35% or more to less than 65%. 
B: From 65% or more to less than 95%. 
C: Equal to Comparative Example C-2. 
D: 105% or more. 

Image defects: 
A; From 35% or more to less than 65%. 
B: From 65% or more to less than 95%. 
C: Equal to Comparative Example C-2. 
D: 105% or more. 



Charging performance: 
A; 115% or more. 

B: From 105% or more to less than 115%. 
C: Equal to Comparative Example C-3. 

Residual potential: 
A: Less than 85%. 

B: From 85% or more to less than 95%. 
C: Equal to Comparative Example C-3. 

Potential uniformity: 
AA: Less than 85%. 

A: From 85% or more to less than 95%. 
Br Equal to Comparative Example C-3. 
C: From 105% or more to less than 110%. 
Ds 110% or more. 

Cost: 
A: Less than 85%. 

B: From 85% or more to less than 95%. 
C: Equal to Comparative Example C-'4. 
Ds 105% or more. 

Cross-hatching : 

Using a sharp needle, the surface of each 
electrophotographic photosensitive member was 
streakily scratched in cross-hatches at intervals of 
1 cm. This was immersed in water for a weak, and 
thereafter taken out to observe the surface of the 
electrophotographic photosensitive member to visually 
examine whether or not films stand peeled at the 
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scratched portions. Evaluation was made according to 
the following criteria. 

Ar Any film stands not peeled. Very good. 

B: Films stand peeled very partly at some streaky 

scratches . 

Cs Films stand a little peeled widely. 
Heat shock: 

Each electrophotographic photosensitive member 
was left for 48 hours in a container 
temperature-controlled at -20'*C, and immediately 
thereafter, it was left for 2 hours in a container 
moisture- controlled to 95%. This cycle was repeated 
by 10 cycles, and thereafter the surface of the 
electrophotographic photosensitive member was 
visually observed. Evaluation was made according to 
the following criteria. 

Aj Any film stands not peeled. Very good. 
B: Films stand peeled very partly at ends of the 
electrophotographic photosensitive member, but no 
problem because the peeling is in non- Image areas. 
C: Films stand a little peeled widely. 
D: Films stsuid peeled over the whole surface. 
Comparative Example C-1 

Using the photosensitive member film formation 
apparatus of a VHF plasma- assisted CVD system, the 
first film-forming chamber shown in Fig. 6, a 
photoconductive layer formed of at least a 
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non-single-ciTrstal material was deposited as the 
first layer on each cylindrical aluininuin substrate of 
108 nun in diameter under conditions shown in Table 
C-3. In this Comparative Example, any silicon carbide 
layer formed of a non-single-crystal material 
containing at least carbon and silicon was not 
provided in the first layer. 

Next, each unfinished photosensitive member with 
the first layer thus deposited was moved to the 
photosensitive member film formation apparatus of an 
RF plasma-assisted CVD system, the second 
film-forming chamber shown in Fig. 5, in a vacuiam 
state by using a transport chamber, and, as the 
second layer, an upper-part blocking layer was 
deposited on the first layer and then a surface layer 
formed of a non-single-crystal material composed 
chiefly of carbon atoms was deposited on the 
upper-part blocking layer under conditions shown in 
Table C-4. Thus, electrophotographic photosensitive 
members were produced . 

The negative- charging photosensitive members 
thus produced were evaluated in the same manner as in 
Example C- 1 . 

The results of evaluation are shown in Table C-9 
together with those in Comparative Examples C-2, C-3 
and C-4. 
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Table C-3 



lo 



15 



Souzrce gas and flow rate: 
S1H4 [ml/min (normal ) ] 
H2 [ ml /min ( normal ) ] 
Substrate temperature: 

Reactor internal pressure 
(Pa) 

Higb- frequency power: 
(W) 

Layer thickness: 

im) 



First layer 

Photoconductive layer 

200 
400 



240 

0.7 
500 
25 



Table C-4 



20 



Second layer 



25 



30 



35 



Source gas and flow rate: 
SiH4 [ ml /min ( normal ) I 
B2HS (ppro) (based on SIH4) 

CH4 [ ml / min ( normal ) ] 
Substrate temperature: 

rc) 

Reactor internal pressure: 
(Pa) 

High-frequency power: 
(W) 

Layer thickness: 
(Hjn) 



Upper-part 

blocking Surface 

layer layer 



200 
1,000 
200 

220 

67 

300 

0.3 



1,000 
100 
67 
200 
0.5 
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Comparative Example C-2 

Using the photosensitive member film formation 
apparatus of a VHP plasma-assisted CVD system, the 
first film-forming chamber shovm in Fig. 6, a 
photoconductive layer formed of at least a 
non-single-crystal material and a silicon carbide 
layer formed of a non- single -crystal material 
containing at least carbon and silicon were deposited 
as the first layer on each cylindrical aliiminiara 
substrate of 108 mm in diameter under conditions 
shown in Table to produce unfinished 

electrophotographic photosensitive members • 

Next, each unfinished photosensitive member 
obtained was moved to the photosensitive member film 
formation apparatus of an RP plasma-assisted CVD 
system, the second film-forming chamber shown in Fig, 
5, in a vacuiim state by using a transport chamber. 

In this Comparative Example, any upper-part 
blocking layer as the second layer was not provided. 

Next, as the second layer, a surface layer 
formed of a non- single-crystal material composed 
chiefly of carbon atoms was deposited on the 
first -layer blocking layer under conditions shown in 
Table C-6. Thus, electrophotographic photosensitive 
members were produced* The negative -charging 
photosensitive members thus obtained were evaluated 
in the same manner as in Example C*l. 
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Tlie results of ©valuation are shown in Table C-9 
together with those in Comparative Examples c-1, C-3 
and C-4- 

Table C-5 





First layer 






Photocon- 


Silicon 




ductive 


carbide 


Source gas and flow rates 


layer 


layer 


SiH4 [ml /mm ( normal ) ] 


200 


60 


H2 [ ml /min ( nozmal ) ] 


400 




CH4 [ ml /min ( normal ) ] 




"tor* 

X20 


Substrate temperature: 






("C) 


240 


220 


Reactor internal pressure: 






(Pa) 


0.7 


0.7 


High-frequency power: 






(W) 


500 


600 


Layer thickness: 






(fim) 


25 


0.5 


Table 


C-6 






Second layer 






Not 


Surface 




deposited 


layer 


Source gas and flow rate: 





SiH4 [ ml /min ( normal ) ] 
B2H6 (ppm) (based on SiH4) 



CH4 [ nil /m±n( normal ) ] 


1,000 


Substrate temperature: 




rc) 


100 


Reactor Internal pressure: 




(Pa) 


67 


High-frequency power: 




(W) 


200 


Layer thickness: 




(Mm) 


0. 
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Comparative Example C-3 

Using the photosensitive membei" film formation 
apparatus of a RF plasma-assisted CVD system as shown 
in Fig. 5, a photoconductive layer formed of at least 
a non-single-crystal material and a silicon carbide 
layer formed of a non- single -crystal material 
containing at least carbon and silicon were deposited 
as the first layer on each cylindrical aluminiam 
substrate of 108 mm in diameter under conditions 
shown in Table C-7. Subsequently, as the second layer, 

an upper-part blocking layer was deposited, and 

further, a surface layer formed of a 

non-single-crystal material composed chiefly of 

carbon atoms was deposited, under conditions shown in 

Table C-7. Thus, electrophotographic photosensitive 

members were produced. 

The negative -charging photosensitive members 

thus obtained were evaluated in the same manner as 

the evaluation in Example 

The results of evaluation are fihown in Table C-9 

together with those in Comparative Examples C-1, C-2 

and C-4- 
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Table C-7 



Photo- Sili- 
con- con 
duct- car- 
ive bide 
layer layer 
Source gas and flow rate: 
SiH4 tml/rain( normal) ] 

200 

Ha [ ml/min { normal ) ] 

400 

B2H6 (ppm) (based on SiH4) 



First layer Second layer 



60 



CH4 [ml/min ( normal ) ] 

Substrate temperature : 

rC) 240 

Reactor internal pressure: 
(Pa) 62 

High-frequency power: 

(W) 500 

Layer thickness: 

25 



120 
220 

65 
600 

0-5 



Upper - 
part 
block- 
ing Surface 
layer layer 



200 



1,000 
200 
220 

67 
300 

0.3 



1,000 
100 
67 
200 
0^5 



Comparative Example C-4 

Using the photosensitive member film formation 
apparatus of a VHF plasma-assisted CVD system as 
shown in Fig. 6, a phot ©conduct ive layer formed of at 
least a non- single -crystal material and a silicon 
carbide layer formed of a non- single-crystal material 
containing at least carbon and silicon were deposited 
as the first layer on each cylindrical aluminum 
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substrate of 108 tnm ±n diameter under conditions 
shown in Table C-8. Subsequently, as the second layer, 
an upper-part blocking layer was deposited, and 
further, a surface layer formed of a 
non-single-crystal material composed chiefly of 
carbon atoms was deposited, under conditions shown in 
Table C-8. Thus, electrophotographic photosensitive 
members were produced. 

The negative -charging photosensitive members 
thus obtained were evaluated in the same manner as 
the evaluation in Bxan^le C-1. 

The results of evaluation are shown in Table C-9 
together with those in Comparative Examples C-1, c-2 
and C-3. 
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Table C-8 



10 



15 



First layer 
Photo-- Sili- 
con*- con 
duct- car^ 
ive bide 
layer layer 
Source gas and flow rate: 
SiH4 [ ml /min ( normal ) ] 

200 

Ha t ml/min { normaX ) ] 

400 

B2H6 (ppm) (based on SiH4) 
PH3 (ppm) (based on SIH4) 



Second layer 
Upper- 
part 
block- 
ing Surface 
layer layer 



60 



200 



1,000 



NO [ml/m±n ( normal ) ] 



20 



CH4 [rol/min ( normal ) ] 



25 



120 



30 



Substrate temperature : 

(^'C) 240 220 

Reactor internal pressure: 

(Pa) 0.7 0-7 

High-frequency power; 

(W) 500 600 

Layer thickness: 

(jAm) 25 0*5 



200 
220 

0.8 
300 

0,3 



1,000 
100 

0.8 
200 
0.5 
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TabXe C-9 



Sphez'^ 




Re- 


Po- 








leal 


Charg- 


sid- 


ten- 










ing 


ual 


tial 








tu- 


Image per- 


DO- 


uni - 








ber- 


de- form- 


ten- 


for- 


hatch- 


Heat 




ances 


fects ance 


tlal 


mity 


ing 


Shock 


Cost 


Example : 










C-1 C 


B A 


A 


A 


A 


A 


A 


Comparative 


Example : 












C-1 c 


C A 


A 


A 


A 


A 


A 


C^2 C 


C A 


A 


B 


A 


A 


B 


C-3 C 


D C 


C 


B 


A 


A 


A 


C-4 C 


B A 


A 


A 


B 


B 


C 



As can be seen from Table C-9, the 
photosensitive member of the present invention is 
very improved in the number of image defects, dots, 
even though the number of spherical protuberances are 
on the same level as those in Comparative Examples 
C-1 to C-4. 

In Comparative Example C-4, the VHF system is 
subsequently employed also for the deposition of the 
second layer, where the growth mechanism is identical, 
and the image defects were little reduced in number. 
Hence, the effect of reducing dots was exhibited only 
a little. 

In Comparative Example C-3, both the first layer 
and the second layer are subsequently deposited by 
the RF system, in such a case as well, since the 
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growth mechanism is identical, the image defects wer< 
little reduced in number. 

It has also found that providing the silicon 
carbide layer in the first layer is effective in 
improving film adherence. 

It can also be understood that providing the 
upper- part blocking layer brings improvements in 
charging performance and residual potential, and the 
image defects have come small in number. 
Example C-2 

Using the photosensitive member film formation 
apparatus of a VHF plasma-assisted CVD system, the 
first film- forming chamber shown in Fig. 6, a 
photoconductive layer foxroed of at least a 
non- single -crystal material and a silicon carbide 
layer formed of a non- single- crystal material 
containing at least carbon and silicon were deposited 
as the first layer on each cylindrical aluminum 
substrate of 108 mm in diameter under conditions 
shown in Table C-lO. 

Next, each unfinished photosensitive member with 
the first layer thus deposited was moved to the 
photosensitive member film formation apparatus of an 
RF plasma-assisted CVD system, the second 
film-forming chamber shown in Fig. 5, in a vacuum 
state by using a transport chamber, and, as the 
second layer, an upper-part blocking layer was 
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deposited on the fxr-st layer* and then a surface layer 
formed of a non- single -crystal material composed 
chiefly of carbon atoms was deposited on the 
upper-part blocking layer under conditions shown in 
Table C-11. Thus, electrophotographic photosensitive 
members were produced . 

The photosensitive members obtained following 
the above procedure were photosensitive members used 
under positive charging, and were evaluated in the 
same manner as in Example C-1, using for the 
evaluation a copying machine basing on GP'605 
(manufactured by CANON INC.), as a test 
electrophotographic apparatus. The results of 
evaluation are shown in Table C-12. 
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Table C-10 



First layer 



Source gas and flow rate: 
SiH4 [ml/mln ( normal ) ] 
H2 [ ml /min ( normal ) ] 
B2H6 (ppm) (based on SIH4) 
NO t ml /mln( normal ) ] 
CH4 [ml/min (normal) ] 

Substrate temperature: 
CC) 

Reactor internal pressure: 

(Pa) 

High-frequency power: 
(W) 

Layer thickness: 



Photocon- 
ductive 
layer 



150 
150 
500 
10 



Silicon 
carbide 

55 



200 



0,8 



300 



26 



110 



210 



0.8 



300 



0.3 



Table C-11 



Second layer 



Source gas and flow rate: 
SiH4 [ml/min (normal) ] 
PH3 (ppm) (based on SiHd) 
CH4 [ ml /min ( normal ) ] 

Substrate temperature: 

Reactor internal pressure: 
(Pa) 

High-frequency power: 
(W) 

Layer thicJcness: 



Upper -part 
blocking Surface 
layer layer 



200 
1,000 
200 

240 
67 

300 
0.3 



900 
95 
67 

200 
0.5 



Example C-3 

Electrophotographic photosensitive members were 
produced in the same manner as in Example B-3 except 
that the unfinished photosensitive member was taken 
out of the photosensitive member film formation 
apparatus of a vhf plasma-assisted CVD system, the 
first film-forming chamber, into the atmosphere. 

Thereafter, each unfinished photosensitive 
member was moved to the photosensitive member film 
formation apparatus of an RP plasma- assisted CVD 
system, the second film-forming chamber, and the 
second layer was deposited on the first layer in the 
same manner as in Example C-2. 

The photosensitive members obtained following 
the above procedure were photosensitive members used 
under positive charging, and were evaluated in the 
same manner as in Exeunple C-1, using for the 
evaluation a copying machine basing on GP-605 
(manufactured by CANON INC.), as a test 
electrophotographic apparatus. The results of 
evaluation are shown in Table C-12 together with 
those of Example C-2. 
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Table C-12 



spner- Rei^ — po^:^ 

i<2al Charg- sid- ten- 

P^o- Ing ual tial 

tu- Image per- po- unl- Cross 

ber- de- form- ten- for- hatch- Heat 

ances facts ance tlal mity Ing shock Cost 
Example s 

C-2 C B A A A A A A 

C-3CBA AA A AA 



As can be seen from Table C-12, the effect of 
the present Invention is obtainable where the 
unfinished photosensitive member is moved from the 
photosensitive member film formation apparatus of a 
VHF plasma-assisted CVD system, the first 
film-forming chamber, and the second layer is formed 
in the photosensitive member film formation apparatus 
of an RF plasma-assisted CVD system, the second 
film -forming chamber. 

Example C-4 

Using the photosensitive member film formation 
apparatus of a VHF plasma-assisted CVD system, the 
first film-forming chamber shown in Fig. 6, a 
photooonduotive layer formed of at least a 
non- single -crystal material and a silicon carbide 
layer formed of a non -single -crystal material 
containing at least carbon and silicon were deposited 
as the first layer on each cylindrical aluminum 
substrate of 108 mm in diameter under conditions 
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shovm in Table C-13. 

Next, each unfinished photosensitive member with 
the first layer thus deposited was first taken out of 
the first film-forming chamber into the atmosphere, 
and then moved to the photosensitive member film 
formation apparatus of an RF plasma-assisted CVD 
system, the second f ilm-f oxming chamber shown in Fig. 
5, where, as the second layer, an upper-part blocking 
layer was deposited on the first layer and then a 
surface layer formed of a non-single-crystal material 
composed chiefly of carbon atoms was deposited on the 
upper-part blocking layer under conditions shown in 
Table C-14. Thus, electrophotographic photosensitive 
members were produced. 

The photosensitive members obtained following 
the above procedure were evaluated in the same manner 
as in Example C-1. The results of evaluation are 
shown in Table C-15 together with those of Example 
C-5- 

Exeunple C-5 

Using the photosensitive member film formation 
apparatus of a VHP plasma- assisted CVD system, the 
first film- forming chamber shown in Fig. 6* a 
lower -part blocking layer formed of a 

non- single -crystal material, a photoconductive layer 
formed of a non- single-crystal material and a silicon 
carbide layer formed of a non- single-crystal material 
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containing carbon and silicon were deposited as the 
first layer on each cylindrical aliaminura substrate of 
108 mm in diameter under the conditions shown in 
Table C-13. 

Next, each unfinished photosensitive member with 
the first layer thus deposited was first taken out of 
the first film-forming chamber into the atmosphere. 

In this Example, at this stage, the surface of 
the first layer was polished by means of the 
polishing apparatus shown in Pig. 7, to flatten the 
protuberant portions of the spherical protuberances. 

Next, the unfinished photosensitive member the 
surface of the first layer of which was polished, was 
cleaned by means of the water washing system shown in 
Fig. 8- 

Thereafter, the washed unfinished photosensitive 
member the surface of the first layer of which was 
polished was moved to the photosensitive member film 
formation apparatus of an RF plasma-assisted CVD 
system, the second film-forming chamber shown in Fig. 
5, where, as the second layer, an upper-part blocking 
layer was deposited on the first layer and then a 
surface layer fonned of a non- single-crystal material 
composed chiefly of carbon atoms was deposited on the 
upper-part blocking layer under conditions shown in 
Table C-14. Thus, electrophotographic photosensitive 
members were produced . 



The photosensitive members obtained following 
the above procedirre were evaluated in the same manner 
as in Example C-1. The results of evaluation are 
shown in Table C-15 together with those of Example 
C-4, 

Table C-.13 



Source gas and flow rate 

SiH4 [ml/min( normal) 3 

PH3 (ppm) 

(based on SiH4) 

NO [ ml /min ( normal ) ] 

CH4 [ ml /min ( normal ) ] 
Substrate temperature: 

Reactor internal pressure 
(Pa) 

High-frequency power; 

(W) 1,000 
Layer thiOcness: 

(jun) 3 



First layer 

Lower- Photo- 
part con- 
blocking ductive 
layer layer 



200 
500 

10 



200 



0.8 



200 
1.0 



200 



0.8 



1,500 



25 



Silicon 
carbide 
layer 

45 



90 
230 
0,8 
1,300 
0.5 
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Table C-14 



Second layer 



Sour-ce gas and flow rate: 
SXH4 Iml/min( normal) ] 
B2H6 (ppm) (based on SIH4) 
CH4 [ml/xnin ( normal ) } 

Substrate temperature; 
CC) 

Reactor inteimai pressure: 
(Pa) 

High-frequency power; 
(W) 

Layer thickness : 
(Mxn) 



tapper -part 
blocking Surface 
layer layer 



150 
3,000 
150 

240 
50 

320 
0,5 



800 



200 



60 



280 



0,5 



Table C-15 



spner* 




Re^ 


Po- 








ical 


Charg- 


sid- 


ten- 








pro- 


ing 


ual 


tial 








tu- 


Image per- 


po- 


uni- 


Cross 






ber- 


de- form- 


ten- 


for- 


hatch- 


Heat 




ances 


f ects ance 


tial 


mity 


ing 


shock 


Cost 


Example i 














C-4 C 


B A 


A 


A 


A 


A 


A 


C-5 C 


A A 


A 


A 


A 


A 


A - 


C-11 C 


A A 


A 


AA 


A 


A 


A 



As can be seen from the results shown in Table 
C-15, the effect of the present invention is 
obtainable also when the lower-part blocking layer 



was provided. 

It has also been found that the effect of 
reducing image defects is enhanced by depositing the 
second layer after the protuberant portions of the 
spherical protuberances have been made flat. 

Example C - 6 

Using the photosensitive member film formation 
apparatus of a VHF plasma-assisted CVD system, the 
first film-forming chamber shown in Fig. 6, a 
lower- part blocking layer formed of a 

non-single-crystal material, a photoconductive layer 
formed of a non-single-crystal material and a silicon 
carbide layer formed of a non-single-crystal material 
containing carbon and silicon were deposited as the 
first layer on each cylindrical aluminum substrate of 
108 mm in diameter under the conditions shown in 
Table C-16. 

Next, each unfinished photosensitive member with 
the first layer thus deposited was first taken out of 
the first film-forming chamber into the atmosphere. 

When it was taken out, the surface of the first 
layer was polished by means of the polishing 
apparatus shown in Fig. 7, to flatten the protuberant 
portions of the spherical protuberances. 

Next^ the unfinished photosensitive member the 
surface of the first layer of which was polished was 
cleaned by means of the water washing system shown in 
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Fig. 8, 

Thereafter, the unfinished photosensitive member 
thus washed, the surface of the first layer of which 
was polished and washed, was moved to the 
photosensitive member film formation apparatus of an 
RF plasma-assisted CVD system, the second 
film-forming chamber shown in Fig. 5, Then, as the 
second layer, an upper-part blocking layer was 
deposited on the first layer and then a surface layer 
formed of a non-single-crystal material composed 
chiefly of carbon atoms was deposited on the 
upper-part blocking layer under conditions shown in 
Table C-17* Thus, electrophotographic photosensitive 
members were produced . 

In this Example, photosensitive members C-6A to 
C-6F were produced whose upper-part blocking layers 
were different in layer thickness - 

The negative -charging photosensitive members 
obtained following the above procedure were evaluated 
in the same manner as in Example C-1, and also the 
size of the spherical protuberances was further 
evaluated. The whole surface of each photosensitive 
member obtained was observed with an optical 
microscope to examine the diameter of the largest 
spherical protuberance. As the result, it was found 
that, under the production conditions of this Example, 
the diameter was about 100 \juxi in every photosensitive 
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member-. The ratio of the layer- thickness of the 
upper-part blocicing layer to the diameter of the 
largest spherical protuberance, thus measured, was 
determined . 

The results of evaluation are shown in Table 

C-18. 

Table C-16 



10 



First layer 



15 



20 



25 



Lower- Photo- 

part con- 

blocJcing ductive 

layer layer 



Source gas and flow rate: 

SiH4 [ ml /min( normal ) ] 120 
[ ml /min ( normal ) ] 360 
PH3 (ppm) 3,000 

(based on SiH4) 
NO [ml /min ( normal ) ] 5 
CH4 [ ml /mi n( normal ) ] 
Substrate temperature : 

(°C) 280 
Reactor internal pressure: 

(Pa) 0.6 
High - frequency power 5 

(W) 400 
Layer thickness; 

(Mm) 5 



200 
1,000 
O . 5 



270 
0.7 

600 
25 



Silicon 
carbide 
layer 



40 



80 
250 

0.6 
600 

0.5 



30 
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Table C-17 





Second layer 
Upper -part 
blocking Surface 
layer layer 


Q'i f ml /rn-i n ^ Tir*t ■ INI 
^Xn4 1 111 JU / 4UXJL1 \ iiioX ) J 


150 




D _LJ^ / Ttr'MH ^ / Via cf r>w> c* -J tT \ 
^2"^^ \VJP"1/ \ UoSeu on Diri4 / 


10,000 




CH4 [ ml /min ( normal ) ] 


500 


600 


Substrate temperature : 






{"C) 


230 


220 


Reactor internal pressure: 






(Pa) 


70 


70 


High - f r equency power : 






(W) 


300 


100 


Layer thickness: 






(nm) 


changed 


0.5 
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Table C-18 



10 



15 



30 



Example C-6 



Photosensitive member No: 

C-6B C-6C C-6D C-6E C-6P 



Layer thickness of upper-part 
blocking layer: 
(Mm) 0.001 0.005 0.01 0.1 1 2 

Layer thickness ratio of 

upper-part blocking layer to 

diameter of largest spherical protuberance: 

1X10'* S'^IO"^ 1X10** 1X10-^ 1X10"^ 2x10"^ 



Evaluation 

Number of spherical protuberances: 

C C C c C C 

Number of dots: 

20 C C B B B B 

Charging performance! 

B B A A A A 

Residual potential: 

B B A A A A 

25 Potential uniformity: 

A A A A B B 

Cost : 

A A A A A B 



As can be seen from the results shown in Table 
C-ls, in order to obtain the effect of reducing image 
defects in the present invention, the layer thickness 
10"* times or more as large as the diameter of the 
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largest spherical protuberance is preferable as the 
layer thickness of the upper-part blocking layer. 

The effect of reducing image defects was also 
sufficiently obtained in respect of the 
photosensitive member C-6F, but a lowering of 
sensitivity was seen because the thickness of the 
upper-part blocking layer is too large • Thus, it is 
found preferable to control the upper limit of the 
layer thickness to be 1 or less. 

When the cleaning was carried out by mecins of 
the water washing system before the second layer is 
deposited « the adhesion was improved. 

Example C-7 

Using the photosensitive member film formation 
apparatus of a VHP plasma-assisted CVD system, the 
first film-forming chamber shown in Fig. 6, a 
lower-part blocking layer formed of a 

non-single-crystal material, a photoconductive layer 
formed of a non- single -crystal material and a silicon 
carbide layer fozroed of a non- single -crystal material 
containing carbon and silicon were deposited as the 
first layer on each cylindrical aluminiom substrate of 
108 mm in diameter under the conditions shown in 
Table C-19. 

Next, each unfinished photosensitive member with 
the first layer thus deposited was first taken out of 
the first film-forming chamber into the atmosphere. 
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When it was taken out. the surface of the flarst 
layer was polished by means of the polishing 
apparatus shown in Fig. 7, to flatten the protuberant 
portions of the spherical protuberances. 

Next, the unfinished photosensitive member the 
surface of the first layer of which was polished was 
cleaned by means of the water washing system shown in 
Pig . 8 . 

Thereafter, the unfinished photosensitive member 
thus washed, the surface of the first layer of which 
was polished, was moved to the photosensitive member 
film formation apparatus of an RF plasma-assisted CVD 
system, the second film- forming chamber shown in Fig. 
5. Then, as the second layer, an upper-part blocking 
layer was deposited on the first layer and then a 
surface layer formed of a non- single -crystal material 
composed chiefly of carbon atoms was deposited on the 
upper- part blocking layer both under conditions shown 
in Table C-20. Thus, electrophotographic 

photosensitive members were produced. 

In this Example, photosensitive members C-7G to 

C-7L were produced in which the content of Group 13 

element B (boron) incorporated in the upper-part 

blocking layer was changed. 

The negative -charging photosensitive members 

obtained following the above procedure were evaluated 

in the same manner as in Example C-l. 
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A£ter the evaluation, samples were cut out from 
the respective photosensitive members, and SIMS 
(secondary ion mass spectroscopy) was conducted to 
examine the B (boron) content in each upper-part 
blocking layer. 

The results of evaluation are shown in Table 

C-21. 

Table C-19 



Source gas and flow rate: 
SiH4 [ml/min( normal) ] 
PH3 (ppm) 

(based on SiH4) 
NO [ml/min (normal ) ] 
CH4 [ ml /min ( normal ) ] 
Substrate temperature: 
("C) 

Reactor internal pressure: 
(Pa) 

High-frequency power: 
(W) 

Layer thickness: 
(|xm) 



First layer 



Lower- Photo- 
part con- Silicon 
blocking ductive carbide 
layer layer layer 



200 
1, 500 

10 



200 



0.7 



1,000 



200 
1.0 



210 



0.7 



50 



100 



210 



0.8 



2,000 1,500 



25 



0.5 
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Tabie C-20 



Second layer 

Upper-paxrt 
blocking Surface 



Source gas and flow rate: 


layer 


layer 


S iH4 [ ml /min ( normal ) ] 


200 




B2H6 (ppm) (based on S1H4) 


changed 




CH4 [inl/inin( normal) J 


200 


1, 000 


Substrate temperature : 




rc) 


230 


95 


Reactor internal pressure: 




(Pa) 


60 


67 


High-frequency power: 




(W) 


310 


210 


Layer thickness: 




(Hm) 


0.4 


0.6 



Table C*-21 



Example C-7 

Phot o s ensltive member No: 

<^-7G C-7H C-7I C-7J C-7K C-7L 

B content in 

upper-part blocking layer: 
(atomic ppm) 

80 100 1^000 10,000 30,000 35,000 

Evaluation 

Number of spherical protuberances : 

C C C C C c 

Number of dots : 

C B B B B C 

Charging performance: 

C A A A A c 

Residual potential: 

C A A A A C 

Potential uniformity: 

B A A A A B 

Cost: 

A A A A A A 
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As can be seen from the results shown in Table 
C-21, it is suitable for the B (boron) content in 
each upper-part blocking layer to be from lOO atomic 
ppm to 30,000 atomic ppm. Also, when the cleaning was 
carried out by means of the water washing system 
before the second layer is deposited, the adhesion 
was improved . 

Example C--8 

Using the photosensitive member film formation 
apparatus of a VHP plasma-assisted CVD system, the 
first film-forming chamber shown in Fig. 6, a 
lower-part blocking layer formed of a 

non-single-crystal material, a phot ©conductive layer 
formed of a non-single-crystal material and a silicon 
carbide layer formed of a non-single-crystal material 
containing carbon and silicon were deposited as the 
first layer on each cylindrical aluminum substrate of 
108 mm in diameter under the conditions shown in 
Table C-13. 

Next, each unfinished photosensitive member with 
the first layer thus deposited was first taken out of 
the first film- forming chamber into the atmosphere. 

In this Example, when it was taken out, the 
surface of the first layer was polished by means of 
the polishing apparatus shown in Fig. 7, to flatten 
the protuberant portions of the spherical 
protuberances. As a result of this flattening, the 
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sturface protuberances which had been about 10 jiin in 
height before the polishing decreased to l Mm or less 

Next, the unfinished photosensitive member the 
surface of the first layer of which was polished was 
cleaned by means of the water washing system shown in 
Fig. 8. 

Thereafter, the unfinished photosensitive member 
thus washed, the surface of the first layer of which 
was polished, was moved to the photosensitive member 
film formation apparatus of an RP plasma- ass is ted CVD 
system, the second film-forming chamber shown in Pig. 
5, where an upper-part blocking layer was deposited 
on the first layer under the conditions shown in 
Table C-14. 

Next, the unfinished photosensitive member with 
the layers up to the upper-part blocking layer thus 
deposited was moved to another photosensitive member 
film formation apparatus of an Rf plasma- assisted CVD 
system, a third film-forming chamber, and a surface 
layer formed of a non- single -crystal material 
composed chiefly of carbon atoms was deposited on the 
upper-part blocking layer under the conditions shown 
in Table C-14. Thus, electrophotographic 
photosensitive members were produced. 

The negative -charging photosensitive members 
obtained following the above procedure were evaluated 
in the same manner as in Example C-1. The results of 
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evaluation are shown In Table C-15 together with 
those of Ex2unpl68 C-4 and C-5. 

As can be seen from the results shown ±n Table 
C-15. good results were obtained also when the layers 
constituting the second layer were deposited in 
different film-forming chambers (reactors). 

Bxeunple C-9 

Using the photosensitive member film formation 
apparatus of a VHF plasma-assisted CVD system, the 
first film-forming chamber, shown in Fig. 6. up to a 
silicon carbide layer 2 formed of a non -s ingle - 
crystal material containing carbon and silicon were 
deposited as the first layer on a cylindrical 
aluminum substrate under the conditions, as shown in 
Table C-22, that the flow rate of BjHe, which is a gas 
for incorporating the Group 13 element B (boron) in 
the silicon carbide layer, was changed. 

Next, the substrate with up to the first layer 
deposited thereon was talcen once out of the film- 
forming chamber and exposed to the atmosphere. Then, 
after this substrate was left standing for 10 minutes 
in the atmosphere, its surface was polished by means 
of the polishing apparatus shown in Fig. 7, to 
flatten the protuberant portions of the spherical 
protuberances. As a result of this flattening, the 
surface protuberances which had been 10 |*m in height 
before the polishing was reduced to 1 jim or less. 
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The unevenness ascribable to the protuberant 
portions was evaluated using a microscope 
manufactured by Olympus Optical Co,, Ltd.) having the 
function to detect the position of 2 -directions 
(perspective directions of an observation object and 
an objective lens), on the basis of the difference 
between Zl and Z2 , wherein Zl is a point in time at 
which the microscope is focused on the tip of the 
protuberance and Z2 is a point in time at which the 
microscope is focused on the normal portion close to 
said protuberance. 

Next, the surface was cleaned by means of the 
water washing system shown in Fig. 8. 

Thereafter, the substrate with the first layer 
deposited thereon was moved to the photosensitive 
member film formation apparatus of an RF plasma- 
assisted CVD system, the second film- forming chamber 
shown in Fig. 5, where as the second layer an 
intermediate layer formed of a non-single crystal 
material containing carbon and silicon and an upper- 
part blocking layer formed of a non-single crystal 
material were deposited on the first layer under the 
conditions shown in Table C-22. 

Next, the substrate on which the upper-part 
blocking layer was deposited was moved to another 
photosensitive member film formation apparatus of an 
RF plasma-assisted CVD system, a third film- forming 
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chamber shown In Fig. 5, and a surface layer formed 
of a non-crystal material composed chiefly of carbon 
atoms was deposited on the upper-part blocking layer 
under the conditions shown in Table C-22. Thus, in 
this Example, photosensitive members M to R were 
produced . 

The photosensitive members obtained following 
the above procedures were electrophotographic 
photosensitive members used under negative charging, 
and were evaluated in the same way as in Example C-1. 
The evaluation results are shown in Table C-23. 

It can be seen from Table C-23 that the charging 
performance is improved by incorporating impurities 
of 100 ppm to 30,000 ppm in the silicon carbide layer. 
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Table C-22(A) 



First layer- 



Lower- Photo- S±ldL- Sill- 



con 
car- 



part con- con 

block- duct- car- 

ing ive bide bide 

^^y^^ layer layer 3^ layer 2 
Source gas and flow rate: 

SiH4 (*) 120 500 150 65 

^2 {*) 300 1,000 

B2H6 {**) ^ . changed 

PH3 (**) 3,000 0.5 

NO (*) 5 - - 

t*J - - 500 130 



240 250 



Substrate temperature: 

Co 250 260 

Reactor Internal pressure: 

0.6 0,7 0.8 0.8 

High-frequency power: 

400 600 500 500 

Layer thickness: 

5 25 0.2 0.5 



(*) : [ ml /niin( normal) ] 



(**)= (ppm) (based on SiH4) 
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Table C-22(B) 



Second layer 



Upper - 

^ Inter- part 

mediate blocking Surface 
l&y&r layer layer 

Source gas and flow rate: 

SIH4 (*) 450 
10 H2 (*) 

BaHs (**) . 10,000 

PH3 (**) _ _ _ 

NO (*) 

<*) 900 500 900 

15 

Substrate temperature : 

^"^^ 250 250 270 

Reactor Internal pressure: 
(Pa) 

20 High-frequency power: 

tW) 100 300 

Layer thickness: 
(Mm) 



80 75 80 

100 

0.2 0.2 0.5 



25 



(*): t ml /min( normal) 1 



(**).' (ppm) (based on S±H4) 
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Table C-23 



Example C-9 — ^ 

Photosensitive member No: "~ " 

N O P Q R 

B content in 

Silicon carbide layer: 
(atomic ppm) 

^ , ®^ 1.000 10,000 30,000 35,O00 

Evaluation # w 

Number of spherical protuberances: 



c 

Number of dots; 


C 


C 


C 


C 


C 


B B 
Charging performemce: 


B 


B 


B 


B 


A AA 
Residual potential: 


AA 


AA 


AA 


A 


A A 
Potential uniformity: 


A 


A 


A 


A 


B 

Cost : 


A 


A 


A 


A 


B 


A 

Cross -hatching : 


A 


A 


A 


A 


A 


B 

Heat shock: 


B 


B 


B 


B 


B 


A 


A 


A 


A 


A 


A 



Example D-1 

Using the a-Si photosensitive member film 
formation apparatus of a VHP plasma- assisted CVD 
system as shown in Fig. 6, eight substrates were 
produced on which layers up to an intermediate layer 
(silicon carbide layer) were deposited as the first 
layer on eight cylindrical alxjminum substrates of 80 
mm in diameter under conditions shown in Table D-1. 
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Table D-1 

Lower- Photo- *~" 

part con- Inter- 

blocking ductive mediate 
layer layer layer 

Source gas and flow rate; 

SiH4 [ ml /min( normal ) ] 

BjHe (ppm) 

(based on S±H4) 

NO tml/min(nozinal) ] 

CH4 C ml /min { normal ) ] 
Substrate temperati2re x 

rc) 

Reactor internal pressure: 
(Pa) 

High-frequency power: 
(W) 

Layer thickness: 
(^un) 

* (silicon carbide layer) 

Next, the eight substrates on each of which the 
first layer was deposited was first taken out of the 
film-forming chamber and exposed to the atmosphere. 
Then, immediately after they were taken out, the 
arithmetic mean roughness Ra of the outermost surface 
of each first layer was measured. It was measured 
with an atomic-force microscope (AFM) Q-Scope 250, 
manufactured by Quesant Co. As the result, the 
surfaces of the eight substrates were found to have 
arithmetic mean roughness Ra within the range of from 



250 



250 35 
0.1 



20 



125 



200 



200 200 



0.8 



0.8 1.0 



600 



1,200 400 



30 



0.3 
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45 run to 60 nm in the 10 fun X lo fun visual field. 

Next, the surfaces of four among the eight were 
worked. To work the surfaces, a lapping tape (trade 
name: C2000; available fron. Fuji Photo Film Co. Ltd.) 
of 360 mm in width was pressed at 400 kPa against the 
surface by means of a pressure roller having a JIS 
rubber hardness of 30, and the surface was polished 
at a tape speed of 3 . 0 mm/roin and a photosensitive 
member rotational speed of 60 rpm, changing polishing 
time. As the result, the Ra's of the surfaces of the 
four after the polishing were 3 nm, 15 nm, 19 nm and 
25 nm. Next, the four were each moved to the a- Si 
photosensitive member film formation apparatus of an 
RF plasma-assisted CVD system as shown in Fig. 5, and 
as the second layer an upper-part blocking layer and 
a surface layer were deposited under conditions shown 
in Table D-2. 
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Table D-2 



Source gas and flow rate; 
SIH4 [ml/min ( normal ) ] 
BaHs (ppm) (based on SIH4) 
NO [ ml/m±n ( normal ) ] 
CH4 [ ml/min ( normal ) ] 

Substrate temperature: 
("C) 

Reactor Internal pressure: 
(Pa) 

High- frequency power: 
(W) 

Layer thickness: 
(Mm) 



Upper-part 
blocking Surface 
layer layer 



120 
500 

120 

210 

60 
300 

0.3 



15 

500 

210 
60 
210 
0.5 



The photosensitive members obtained following 
the above procedure were photosensitive members used 
under negative charging, and were evaluated in the 
following way. 

Image defects : 

The electrophotographic photosensitive members 
produced in this Examples were each set in the 
electrophotographic apparatus as shown in Fig. 9, 
employing a corona discharger as a primary charging 
assembly and having a cleaning blade in its cleaner, 
and images were formed. Stated specifically, a 
copying machine iR6000 (manufactured by CANON INC.; 
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process speed. 265 imn/sec; Image exposux-e) was used 
as a base machine and was so remodeled that the 
negative charging was performable, and a toner was 
changed for a negative toner. Using this remodeled 
machine as a test electrophotographic apparatus, 
copies of an A3-size white blank original were taken. 
Images thus obtained were observed, and the number of 
black dots coming from spherical protuberances of 0.3 
mm or more in diameter was counted. The results 
obtained were ranked by relative comparison regarding 
as 100% the value obtained in Example D-2 given later. 
A: From 35% or more to less than 65%. 
Bj Prom 65% or more to less than 95%. 
C: Equal to Example D-2. 

Evaluation of adhesion: 
(Observation of film peel-off) 

Each electrophotographic photosensitive member 
produced was left standing for 48 hours in a 
container temperature-controlled at -SO'C, and 
immediately thereafter, it was left standing for 48 
hoiors in a container temperature-controlled at +50°C 
and moisture -controlled to 95%. This cycle was 
repeated by 10 cycles to conduct a heat shock test, 
and thereafter the surface of the electrophotographic 
photosensitive member was observed. Further, 
vibration of from 10 Hz to 10 kHz with an 
acceleration of 7G was repeated by 5 cycles for a 
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sweep time of 2.2 minutes to conduct a vibration test, 
and thereafter the surface of the electrophotographic 
photosensitive member was observed. Evaluation was 
made according to the following criteria. 
Ai After the vibration test, any film are not seen to 
have peeled. Very good. 

B: After the vibration test, minute film peel-off is 
partly seen at ends of non-image areas, but no 
problem in practical use. 

Ci Equal to Example D-2 (After the heat shock test, 
minute film peel -off is partly seen at ends of 
non- image areas, but no problem in practical use). 

Evaluation of cleaning perf ormance .- 

( Slip- through of toner) 

Using the above remodeled machine of iR6000, 
evaluation was made on slip- through of toner. Using 
an A3 -size prescribed sheet as an original, a 
100.000-sheet paper feed running test was conducted. 
After the running, copies of a halftone image were 
taken to examine whether or not the toner has slipped 
through the cleaning blade. Stated specifically^ in 
A3-size halftone images, the area of any spots caused 
by the slip-through of toner was estdLmated from five 
copy sample sheets. The like evaluation was made five 
times to obtain results on the five copy sample 
sheets . 

Judgement criteria are set as shown below. 
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A: Any spots are not seen at all. 
B: Spots are little seen (equal to Example D-2). 
Damage of cleaning blade edge: 

Bach electrophotographic photosensitive member 
produced in this Example was set in the above 
remodeled machine of iR6000, and a 5,000.000-sheet 
paper feed running test was conducted to make 
evaluation on how the edge of the cleaning blade 
stands damaged as a result of the running. 
A: Any damages are not seen at all, and the blade is 
in a very good state. 
B : Good . 

C: Equal to Example D-2. 
Example D-2 

Using the a- Si photosensitive member film 
formation apparatus of a VHP plasma- assisted CVD 
system as shown in Fig. 6. the first layer was 
deposited on eight cylindrical altiminum substrates of 
80 mm in diameter under the conditions shown in Table 
D-1. 

Next, the eight substrates on each of which the 
first layer was thus deposited was first taken out of 
the film- forming chamber. Then, immediately after 
they were taken out, the arithmetic mean roughness Ra 
of their their surfaces was measured. It was measured 
in the same manner as in Example D-l, As the restxlt, 
the surfaces of the eight were found to have the 
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arithmetic mean roughness Ra within the range of from 
45 nm to 60 nm in the 10 mn X 10 fiin visual field. 

Next, among the eight produced, one having an Ra 
Of 58 nm was, without being surf ace -worked, moved to 
the a-Si photosensitive member film formation 
apparatus of an RF plasma- assisted CVD system as 
shown in Fig. 5, and as the second layer an 
upper-part blocking layer and a surface layer were 
deposited under the conditions shown in Table D-2. 
Example D-3 

Using the a- Si photosensitive member film 
formation apparatus of a VHP plasma-assisted CVD 
system as shown in Pig. 6, the first layer was 
deposited on eight cylindrical alimiinum substrates of 
80 mm in diameter under the conditions shown in Table 
D-1. 

Next, the eight substrates on each of which the 
first layer was thus deposited was first taken out of 
the film-forming chamber. Then, immediately after 
they were taken out, the arithmetic mean roughness Ra 
of their surfaces were measured, it was measured in 
the same manner as in Example D-i. As the result, the 
surfaces of the eight was found to have Ra within the 
range of from 45 nm to 60 nm. 

Next, the surface of one among the eight were 
worked. To work the surfaces, a lapping tape (trade 
name; C2000; available from Fuji Photo Film Co. Ltd.) 
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of 360 mm m width was pressed at 0.1 MPa against the 
surface by means of a pressure roller having a Jis 
rubber hardness of 30, and the surface was polished 
under conditions of a tape speed of 3.0 nun/min and a 
photosensitive member rotational speed of 60 rpm. As 
the result, the Ra of the surface after the polishing 
was 29 nm. Next, this was moved to the a-Si 
photosensitive member film formation apparatus of an 
RF plasma-assisted CVD system as shown in Fig. 5. and 
as the second layer an upper-part bloclclng layer and 
a surface layer were deposited under conditions shown 
in Table D-2. 

The electrophotographic photosensitive members 
of Examples D-1 and D-3 were evaluated in the same 
manner as in Example D-1 to obtain the results shown 
in Table D-3. 

Table D-3 



Example 



D-1 D-3 

Ra of first layer surface: 

3 nm 15 nm 19 nm 25 nm 29 nm 

Evaluation 

Image defects: A a B B C 

Film peel-off J B A A B B 

Toner slip- through: A A A B B 

Damage of blade edge: A A A b C 
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As can be seen from Table the polishing of 

the surface of the first layer to the level of an Ra 
of 25 nm or less has brought the effect of reducing 
image defects. Further, from the results on the 
observation of film peeling, it has been found that 
the photosensitive member of Example D-1 has superior 
adhesion. Still further, from the results on the 
slip-thorugh of toner and the damage of cleaning 
blade, it has been found that the photosensitive 
member of Example D-1 is very superior in cleaning 
performance. Still further, any interference fringes 
are not seen, and good images are obtained. Also, the 
deposition of the first layer in the a- Si 
photosensitive member film formation apparatus of a 
VHF plasma-assisted CVD system makes it possible to 
shorten the film formation time in virtue of the film 
deposition rate made higher and also^ since eight 
photosensitive members can be produced in one-time 
film formation, promises very good productivity and 
can achieve cost reduction. 
Example D-4 

Using the a-Si photosensitive member film 
formation apparatus of a VHF plasma- assisted CVD 
system as shovm in Fig. 6, layers up to an 
intermediate layer were deposited as the first layer 
on eight cylindrical aluminum substrates of 80 mm in 
diameter under conditions shown in Table D-4. 
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Table D-4 



Lower- Photo- 

part con- Inter- 

blocklng ductxve mediate 
layer layer layer 

Source gas and flow rate: 

SIH4 { ml /mln (normal) ] 

^2^6 (Ppm) 

(based on SiH*) 

NO [ ml/min( normal ) ] 

CH4 £ ml /mln ( normal ) 3 
Substrate temperature : 

rc) 

Reactor internal pressure; 
(Pa) 

High-frequency power: 
(W) 

Layer thickness: 
(irni) 



Next, the substrates on each of which the first 
layer was thus deposited was first taken out of the 
film-forming chamber. Then, immediately after they 
were taken out, the arithmetic mean roughness Ra of 
their surfaces were measured in the same manner as in 
Example D-1. As the result, the surfaces of the eight 
were found to have the Ra within the range of from 48 
nm to 58 nm. 

Next, the surfaces of these were worked. The 
surfaces were worked in the same manner as in Example 
D-1. As the result, their surface Ra was 8 nm. Next, 



150 



150 
0,2 



25 



15 



120 



200 



200 200 



0.8 



0,8 1.0 



400 



1,000 400 



30 



0.2 
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these were cleaned by means of the water washing 
system shown in Fig, 8. Thereafter, these were each 
moved to the a-Si photosensitive member film 
formation apparatus of an RF plasma-assisted CVD 
system as shown in Fig. 5, and as the second layer an 
intermediate layer, an upper-part blocking layer and 
a surface layer were deposited under conditions shown 
in Table D-5- 

Table D-5 

Upper- 
Inter- part 

mediate blocking Surface 
layer layer layer 



Source gas and flow rate: 

SiH4 [ml/min (normal ) ] lo 120 

BzHfi (ppm) , 

(based on SiH4) 
CH4 [ral/min ( normal ) ] 650 120 

Substrate temperature : 

CC) 19Q 
Reactor internal pressure: 

(Pa) 67 67 

High-frequency power: 

(W) 170 300 

Layer thickness: 

0.05 0.2 0.5 



10 

650 
210 210 
67 
170 



The negative -charging photosensitive members 
obtained following the above procedure were evaluated 
in the same manner as in Example D-1. 

The results of evaluation are shown in Table D-8. 
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As can be seen from the results of Example d-4, the 
image defects were on a very good level, and very- 
good results were obtained also on the cleaning 
performance. Further, any interference fringes were 
not seen, and good images were obtained. Also, when 
the cleaning is carried out by means of the water 
washing system before the second layer is deposited, 
the adhesion is improved, and good results are 
obtained especially in the heat shock test and 
vibration test. Still also, the deposition of the 
first layer in the a-Si photosensitive member film 
formation apparatus of a VHF plasma- assisted CVD 
system m€Uces it possible to shorten the film 
formation time in virtue of the film deposition rate 
made higher and also, since eight photosensitive 
members can be produced in one-time film formation, 
promises very good productivity and can achieve cost 
reduction. 

Example D-5 

Using the a-Si photosensitive member film 
formation apparatus of a VHF plasma- as sis ted CVD 
system as shown in Fig. 6, layers up to an 
intermediate layer were deposited as the first layer 
on eight cylindrical aliaminum substrates of 80 mm in 
diameter under conditions shown in Table D-6. 
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Table D-6 



10 



15 



20 



25 



30 



Source gas and flow rate: 
SiH4 [ ml /min( normal ) ] 
NO Inil/inin(nomial) ] 
CH4 [ ml /inin( normal) ] 

Substr-ate temperature : 

Reactor internal pressure; 
(Pa) 

High- frequency power: 
(W) 

Layer thickness: 
(urn) 



Lower- Photo- 

part con- Inter- 
blocking ductive mediate 
^ayer layer layer 



200 
18 



200 



0.8 



300 



200 



200 



0.8 



1,200 



30 



25 



125 



200 



1.0 



400 



0.5 



Next, the substrates on each o£ which the first 
layer was thus deposited was first taken out of the 
film- forming chamber. Then, immediately after they 
were taken out, the arithmetic mean roughness Ra of 
their surfaces was measured in the same manner as in 
Example D-1. As the result, the surfaces of the eight 
were found to have the Ra within the range of from 48 
nm to 58 nm. 

Next, the surfaces of these unfinished 
photosensitive members were worked. The surfaces were 
worked in the same manner as in Example D-1. As the 
result, their surface Ra was 3 nm. Next, after worked, 
these were cleaned by means of the water washing 
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15 



20 



25 



30 



system shown in Pig. 8. Thereafter, these were each 
moved to the a- Si photosensitive member film 
format ion apparatus of an RF plasma- assisted CVD 
system as shown in Fig. 5, and, after these were each 
subjected to hydrogen plasma etching, an intermediate 
layer, an upper- part blocking layer and a surface 
layer were deposited as the second layer, under 
conditions shown in Table D-7. 

Table D-7 



Source gas and flow rate: 
SiH4 I ml/min ( normal ) ] 

Ha [ml/min ( normal ) J 

1,000 

B2H6 <ppm) (based on SiH4) 
CH4 £ ml /min (normal ) ] 

Substrate temperature : 

CC) 190 
Reactor internal pressure: 

(Pa) 70 
High-frequency power: 

(W) 450 
Layer thickness: 

(urn) 



Hydro- 

gen Inter- 
plasma medi- 
etch- ate 
Ing layer 



10 



Upper - 
part 
block- 
ing 
layer 



120 



Surface 
layer 



10 



650 
190 
67 
170 
0.05 



400 
120 
210 

67 
300 

0.3 



650 
210 

67 
170 

0.5 



- 198 - 



The negative -charging photosensitive membez-s 
obtained following the above procedure were evaluated 
in the same manner as in Example 

The results of evaluation are shown in Table D-8. 
As can be seen from the results of Example the 
image defects are on a very good level, and very good 
results are obtained also on the cleaning performance. 
Further, any interference fringes are not seen, and 
good Images are obtained. Also, in Example D-5, the 
cleaning was carried out by means of the water 
washing system before the second layer was deposited 
and further the plasma etching was carried out before 
the second layer was deposited bring an improvement 
of adherence, and good results were obtained 
especially in the heat shocJc test and vibration test, 
Still also, the deposition of the first layer in the 
a-Si photosensitive member film formation apparatus 
of a VHF plasma-assisted CVD system makes it possible 
to shorten the film formation time in virtue of the 
film deposition rate made higher and also, since 
eight photosensitive members can be produced in 
one-time film formation, promises very good 
productivity and can achieve cost reduction. 
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Table D-8 



5 





Example 




D-4 


D-5 


Ra of fiirst layer surface: 


8 nm 


3 nm 


Evaluation 






Xmage defects: 


A 


A 


Film peel -off: 


A 


A 


Toner slip- through: 


A 


A 


Damage of blade edge: 


A 


A 



